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SECTION I 


INTRODUCTION 
TO 
TEKTRONIX SYSTEMS 





A 


system 


basic use 


SYSTEM MEASURING CAPABILITIES 
AND ORGANIZATION 


Webster's dictionary defines the term "system" by 
saying: "A system is a complex unity formed of many 
often diverse parts subject to a common plan or 
serving a common purpose." The Tektronix digital 
system is an integrated assembly of precision 
measuring programming and peripheral instruments 
designed for automating repetitive testing processes. 
The system itself is often quite complex in nature 
because of the many individual instruments it 
contains. 


The digital measurement system has been developed to 
fulfill a basic testing need of the electronics 
industry. Integrated circuits (IC) are daily coming 
into wider use throughout the world. The IC 
concentrates the equivalent of many discrete circuit 
elements into a single chip or component of very 
small physical size. Because IC's may be mass 
produced by largely automated processes, significant 
cost improvements are realized. However, IC 
manufacturers and users find that testing costs 
comprise a much larger proportion of overall unit 
cost than was the case with circuits built with 
discrete components. This is particularly true 
because the IC is evolving into a field known as 
large scale integration (LSI). The LSI chip may 
contain up to several thousand complete circuits on 
a single chip. 


Each of the circuits on a chip must be tested. If 
tests are performed using hand-operated instruments 
the manufacturer may find that his testing cost is 
greater than the manufacturing cost of the original 
chip. Therefore the reduction of testing cost is of 
prime concern. The digital measurement system which 
makes automated measurements possible presents the 
answer. 
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Generally speaking two types of testing are applied 

to IC's: static or DC tests and dynamic or AC tests. 
Tektronix digital systems are primarily dynamic 
measurement systems. However, with auxiliary 
equipment the same Tektronix system may also provide 
both static and dynamic testing capability. The 
ability to perform dynamic measurements is very 
important because the devices being tested are dynamic 
in nature. Logic circuits are being developed with 
very fast switching capabilities. For example, 

direct counting circuits which are capable of counting 
at frequencies up to 100 MHz are available. Therefore, 
the ability to perform dynamic measurements is quite 
important, but even more notable is the requirement 
for high speed dynamic measurements. High speed 
requirements dictate the use of large memory capacity 
as well as completely programmable instruments within 
a system. 


Tek system 
versatile 


The dynamic testing system provides a means of 
measuring the performance of the active device under 
conditions which can simulate or exceed the worst 
case conditions under which it will ultimately 
operate in its final equipment. The tests and 
measurements performed by the digital systems are 
essentially the same as those accomplished by 
engineers and technicians in the laboratory using 
other Tektronix instruments. The function of the 
digital system is to assure that devices coming out 
of production or passing through incoming inspection 
meet specifications. The many measurements required 
must be performed rapidly enough and accurately 
enough to be economical for the customer. In the 
modern day, labor is perhaps the most expensive 
commodity. Automated systems, even though they have 
a high initial cost, by their capability of performing 
high speed measurements can in a very short period of 
time pay for themselves through the savings in labor 
costs alone. 


Typical measurements performed by the Tektronix 
systems are: Pulse risetime, falltime, width, 
amplitude and period, turn-on and turn-off, 
propagation delay, storage time, forward and reverse 
recovery time, logic voltage levels, saturation 
voltage levels and others. (In the near future, 
devices will become available which will permit the 
Tektronix system to perform in the current area as 
well as in the voltage area.) The system is 





basically capable of making many analog or linear 
measurements provided the appropriate signals are 
applied to the input of the device. 


The Tektronix system is quite often described by our 
customers as a switching time system. This is 
reasonably accurate at the present time. We do not 
advertise a linear testing capability primarily due 
to the limited availability of appropriate signal 
sources. The use of the system is not limited to 
measurements on integrated circuits alone. Digital 
systems are used for testing all types of solid-state 
devices: diodes, transistors, SCR's and so forth. In 
addition, the system is quite adaptable to component 
evaluation, logic module, plug-in board and 
sub-assembly production testing. 


The Tektronix digital systems are composed primarily 
of standard catalog products. This is made possible 
by an extensive selection of instruments which form 
Systems ranging from simple systems only partially 
automated to very complex systems completely 
automated. The customer is placed in the position 

of ordering the automated testing parts and assembling 
his own system or, because of the many options, 
ordering a system assembled by the Systems 
Manufacturing group at Tektronix. 


Any Tektronix system is organized as in the function 
block diagram of Fig. 1-1. Each instrument included 
in the system performs one of the functions shown. 
The blocks are: Memory and Control, Stimulus, 
Fixture and Measure. 
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Fig. 1-1. 


Simplified system block diagram. 
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In this book the Type $3130 serves as a model and is 
examined in terms of the block diagram of Fig. 1-l. 
Within each block the instruments found there are 
discussed. Each instrument is treated in block 
diagram form to ensure the student's understanding of 
the function of the instrument, how the instrument is 
organized to perform that function and the interface 
considerations between that instrument and others 
within the system. Programming of the system is 
discussed from the overall system standpoint and also 
from the individual instrument. It is felt that to 
properly program the system the programmer must know 
how each instrument is individually programmed as 


9 1 Li 
well as the instrument's place in the system. RES 


Memory and Control includes several functions. 
Control provides programming for the Stimulus, 
Fixture and Measure Blocks and is done via parallel 
lines using digital methods. Programming is the 
function of converting data (stored in Memory) into 
usable logic form and distributing it to the 
instruments to be programmed. Up to 576 lines may 
be programmed. This block also normally includes a 
Memory section. Memory is used to store programming 
data so that measurements which must be frequently 
repeated may be recalled rapidly and accurately. 
Memory options include a magnetic disc with up to 
1,600 measurement storage capability and punched tape 
with measurement storage capability limited only by 
the length of tape used. For very simple systems a 
program card memory is available which can use up to 
15 measurement program cards. The memory function 
may be performed directly by an external computer 
memory or the disc memory may be placed under 
computer control. 


fixture 
cards 


The Measure block includes a programmable sampling 
oscilloscope which provides an analog display of the 
measurement. A programmable analog to digital 
converter is also present to provide digital signal 
readout. Where very accurate DC measurements are 
required a programmable digital voltmeter may also 
be present. 


matrixing 


The Stimulus block provides the necessary voltage 
supplies, current supplies and input signals 
required by the device which is being tested. 
Systems may include up to four programmable DC 
voltage or DC current supplies to provide necessary 
operating power. These supplies are programmed 





directly from the Control section. This block also 
includes a choice of pulse generators to provide 
stimulus for dynamic measurements. Options 
available allow up to three programmable generators 
to be included. For the simplest systems manually 
controlled generators and power supplies are 
available. 


Ihe Fixture block includes the interface circuitry 
necessary to connect the device to be tested to the 
system.  Fixturing will vary widely from system to 
system. This is because of the wide variation of 
devices which can be tested from a system. For 
example, should a customer desire to test IC's in 
the dual in-line 16 lead configuration, the 
fixturing will include a socket in which to insert 
the IC. The socket mounted on an etched circuit 
board will be connected to a matrix. The matrix 
will allow the DC power supplies to be connected to 
any of the 16 leads. In addition the matrix will 
enable connecting the measurement probes from the 
measurement portion of the system to the IC socket. 


A number of standard fixture cards are available 
from Tektronix. The fixture card may include a 
programmable matrix. It may have fixed wiring in 
which case when the customer desires to change the 
lead configuration or the power supply connection 
a new card must be inserted. In many cases | 
customers supply their own fixturing. 


At the present time the state-of-the-art allows DC 
matrixing with no particular problems. However 
where pulses from the stimulus package must be : 
connected in a random arrangement to an integrated 
circuit, dynamic conditions must be considered. 

The usual pulse is generated in a 50 ohm coaxial 
environment. It is difficult to design a switching 
matrix to allow random access to the integrated 
circuit while preserving a 50 ohm environment. 

This reduces the programmability of fixturing in 
this area. Additional considerations in connection 
with fixturing will be considered in the fixture 
chapter. 





data 
recording 


As shown in Fig. 1-1 an additional function may be 
included titled Data Recording. A customer when 
testing a batch of integrated circuits, might desire 
to keep a record of all tests in order that trends 

or failure rates may be recorded or predicted. 

Data recording becomes appropriate in such cases. A 
wide variety of data recording devices may be 
connected to the Tektronix system. The types of data 
recording available include: punched card, such as the 
IBM card; punched tape, such as is used to program the 
system; magnetic tape recording via a magnetic tape 
recorder; printing devices, including tape printers or 
card printers, and the Friden Flexowriter. The 
Flexowriter uses a special type of punched tape. 


The usual system which includes data recording also 
will have programming facilities which can either 
permit data recording or lockout data recording. For 
those systems which are directly programmed from a 
computer the data recording readout is often 
connected directly back to the computer. This gives 
the computer the necessary feedback to allow the 
computer to make decisions concerning trends, failure 
rates, etc. | 
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DATA DISC 


The largest source of stored program information 
used in Tektronix systems is the Data Disc* rotating 
disc memory. The Data Disc offered by Tektronix is 
a Model F./5 Memory, manufactured by Data Disc, Inc., 
Palo Alto, California. The Data Disc stores data in 
magnetic form on a rotating disc. The disc memory 
accepts a serial digital input. Bits are recorded 
by saturation magnetic recording at up to 3,000 bits 
per inch. The disc delivers a clocked serial 
digital output of the memory content on command. 

The disc itself is a 12" aluminum disc with a plated 
magnetic recording medium. The magnetic heads used 
in the Data Disc have been specially developed for 
high density recording and reproducing. In the 
Tektronix supplied Data Disc there are 8 operating 
read/write heads. Since fixed heads are used, each 
head is constantly passing over a fixed portion of 
the disc. Therefore, there are 8 data tracks on the 
disc. Tracks recorded by the heads are 24.5 mils 
wide with a 5.5 mil guard band between each track. 
When operating, the disc rotates at 1,800 r/min. 


The average access time to a piece of stored 
information anyplace on the disc is 16.7 milliseconds. 
Once the desired location has been located a data 
transfer rate of 3,000,000 bits per second is 
possible. Each track contains up to 100,000 bits. A 
rotation rate of 1,800 r/min gives a rotational rate 
of 30 revolutions per second. Since each track 
contains 100,000 bits stored, each head has 3,000,000 
(30 X 100,000) bits per second of write-in capability. 





*Registered trademark - Data Disc Corporation. 
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Fig. 2-1. F series disc memory block diagram. 
A simplified block diagram of the F series disc ae 


memory is shown in Fig. 2-1. The data heads are 
selected one at a time by a diode selection matrix 
as commanded by the X selection and Y selection 
input signals. To locate a particular location on 
the disc the X and Y coordinates for the heads must 
first be given. With 8 heads used the head numbers 
assigned are 0 through /. То select a particular 
head a logical 1 must be placed at one of the X 
lines and at one of the Y lines. The Tektronix 
Type 240 Program Control Unit connects to the X and 
Y lines. Head selection circuitry in the Type 240 
provides the proper X and Y decoding to select the 
desired read/write head. The numbers used for X 
and Y lines in Fig. 2-1 are those used by Data Disc 
and bear no numerical relationship to the head 


actually selected. 
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The number assigned to a location in a memory is 
called an address. Each of the locations on the Data 
Disc is given a four decimal digit address. Each 
address location is called a sector. Each track on 
the disc memory contains either 135 or 200 sectors. 


The 200 sector disc is used for systems with 192 

bit or 384 bit programming capacity. With 100,000 
bits on a track a 200 sector disc has 500 bits per 
sector. Each group of 4 bits is stored with a fifth 
parity bit: therefore, the 384 bit system actually 
requires 384 + 96 or 480 bits on a track. 480 
rounded to 500 dictates that 200 sectors are 
possible on a track. The most complex system has 
576 bit programming capacity. 576 program bits plus 
144 parity bits means that a sector must contain 720 
bits. This permits only 135 sectors on a track. 
Only these two versions of the disc memory are 
available, the 200 sector and 135 sector. 


The following discussion uses the 200 sector as a 
model. An example of a sector address number is 
1035. The first digit of the address identifies the 
head (and track) which contains the sector to be 
located. The last three digits identify the 
particular sector on that track which is to be 
readout or written in. 


For this example, sector 1035 is located on track 1 
and is the 35th sector on that track. The question 
now arises, how do we determine which is the first 
sector and which is the last sector on a particular 
track? To examine this see Fig. 2-2. Note that 8 
data heads are indicated and in addition two extra 
heads are present. One is called Disc Clock head 
and one is called Sector Clock head. Disc Clock is 
a signal permanently recorded on the Disc Clock 
track which will send out 100,000 pulses per 
revolution of the disc. This signal enables the 
reading circuitry to identify whether a particular 
bit іѕ а 0 ог a 1 at the time the clock pulse occurs. 
The Sector Clock head is arbitrarily written by 
Tektronix to provide 200 sectors per revolution. 
The signal recorded in the Sector Clock crack 
consists of a double pulse to locate each 
particular sector. 
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Another output of the disc is labeled Track Origin. 

Track Origin is a pulse approximately two 

microseconds wide which occurs once per clock 

revolution and is a landmark which is used to identify 

or number the sectors. In other words, the first 

sector on a particular track will be that sector which 

passes under the data heads immediately following 

Track Origin. In our example, address 1035, sector : 

035 will be the 35th sector which passes under the i error 
data heads after the occurrence of Track Origin. : checking 


When the control unit requires the disc memory to 
locate address 1035, a number of signals must be 
presented to the Data Disc. Referring to Fig. 2-1 
upper left corner, the Head Change signal is a 6us 
pulse which must be supplied to the Memory whenever 

a new address is to be located. The Write signal is 
a control signal to the Memory commanding it to write 
data in a sector. 


The Data Write input is the line to which the serial 
data to be written must be applied. When the Write 
line is at the low level data present on the Data 
Write line will be written into the sector selected 
by the X and Y selection network. 





The Read line is a line which tells the Memory when 
data is to be read from a sector. The Type 240 is 
designed so that Write and Read can never be true 
at the same time. Only one or the other function 
can be performed by the disc circuitry at one time. 


The outputs from the Memory are Read/Write Clock, 
Data Read, Disc Ready, Read Inhibit, Error, Track 
Origin, Sector Clock and Clock Track.  Read/Write 
Clock is a timing signal which is derived from the 
Bit Clock head in Write mode or the data in Read 
mode. This signal is used to time the entering of 
data bits to the 240 or to extract information to 
be written into the Memory from the 240. 


The Data Read line will contain the serial data 
output from the selected head and sector when the 
Read line is low. 


A signal called Disc Ready is made available which 
will signify when the disc is up to speed and ready 
for use. The Disc Ready signal will be used only 
when the disc is first turned on. 





= 
= 
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The Read Inhibit output is a signal which goes low 
for approximately 200 microseconds after a Head 
Change command or an end of a Write command. Any 
data read during this period will not be valid 


because of recovery time limitations within the 
instrument. 


One of the problems in reading out from a magnetic 
source is the occasional noise or missed bit which 
occurs. To reduce the probability of errors in 
readout of data stored on the disc two types of 
error checking take place. The line labeled Error 
is a control pulse from the Memory about 2 
microseconds long which signifies the detection of 
a bit error by the decoding circuitry in Memory. 
Statistically speaking the error checking circuitry 
will detect approximately one-half of the possible 
errors which can occur in readout. 





Fig. 2-2. Data disc format. 
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As additional insurance against readout error from 
the disc, a system known as parity checking is 
utilized. Data to be written on the disc is supplied 
in character format which is to say in a four bit 
serial format. Every fifth bit is reserved for 

error checking and is called a parity bit. 


A system of even parity is utilized in the Tektronix 
system. If the first character to be written on the 
disc happens to contain an even number of ones the 
parity bit will be zero. If the number of ones in 
the character is an odd number then the parity bit 
will be one. All four bits in a character being 
zeros counts as an even number in this particular 
case. The 240, when it receives the bit information 
read back from the disc, utilizes each parity bit 

to check the reliability of the preceding four data 
bits. Should the sum of ones in a particular group 
of five bits be an odd number an error has occurred. 
This type of parity check will, statistically 
speaking, also catch approximately 50% of the total 
possible errors. It cannot be said, however, that 
the Data Disc error checking circuitry and the 240 
parity checking circuitry will catch 100% of all 
possible errors. In practice however, the chance of 
undetected errors is negligible. 


reading 
procedure 


Referring to the Memory block diagram Fig. 2-1, 
assume that information is to be written on the 
disc. The first thing to be done is to energize 
the X and Y selection lines of the track upon which 
we are to write. Using the original example of 
address 1035, the X and Y lines must select the 
number 1 head. The head selection lines are not 
energized until just after the next Track Origin 
signal. 


There is no way for the program control unit to locate 
sector 35 except to wait for Origin to occur and by 
monitoring the Sector Clock track, count sector clock 
pulses until 35 of the double pulses have passed. 
After the 35th sector clock pulse has gone by the 

Data Write line must go true. 


extra 
programming 


When the Data Write line goes true, information from 
the program control unit must be made available via 
the Data Write line. The data is processed 
internally through the Read Control and Write Control 
block, through the Data Read/Write amplifier block, 
through the X Selection Drivers and Switches block 
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to the Data Head and Diode Selection Matrix. The 
Diode Selection Matrix will have previously selected 
head number 1. The incoming data will therefore be 
passed to head number 1 since sector number 35 wili 
be passing under head number 1 at this time. The 
previous counting of Sector Clock will guarantee this. 


The serial information coming in will be written by 
Data Head number l on the disc. When the next Sector 
Clock pulse occurs, should any data still be coming 
in, the Type 240 Program Control Unit stops writing 
at once. 


If at a later time the data written into sector 1035 
is to be read out from the Memory, the following 
sequence of events must take place. Again the Type 
240 Program Control Unit must select head 1 by 
grounding the proper combination of X and Y selection 
lines, and generate the Head Change signal. Next it 
must wait for Origin and then count the sector clock 
pulses up to the 35th sector pulse. When the 35th 
sector clock pulse occurs the Read line must be 
activated. At this time the Read signal sets the 
Data Read/Write Amplifiers to read data from the 
selected head. The routing of the data will be from 
the Data Head through the Matrix, through the X 
Selection Driver and Switch block, through the Data 
Read/Write Amplifiers to the Read Control and Write 
Control block and out the Data Read line to the 
program control unit. 


The standard Data Disc supplied by Tektronix has 200 
sectors per track. With 8 tracks available this means 
that 1,600 sectors are available to store programs. 
Each sector may contain up to approximately 500 bits. 
However, the Type 240 Program Control Unit can utilize 
only 48 characters of data. Since each character 
contains four bits, this means that the 240 alone 

can process up to 192 bits. Note particularly 
however, on the disc for every character a parity 

bit has also been written and space within the sector 
must be allowed for the parity bits. In effect, for 
every character on the disc there are five bits. A 
single Type 240 will utilize 240 bits of the sector. 
If additional programming capability is required a 
Type 250 Auxiliary Control Unit may be connected to 
the Type 240 Program Control Unit. The Type 250 can 
process an additional 48 characters of information. 
This means, counting parity, a total of 480 bits in 

a particular sector may be used. 
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cycle 
time 


It is also possible to connect a second Auxiliary 
Program Control Unit to a 240/250 combination. In 
this case, 144 characters are utilized. 144 
characters including the parity bit makes 720 bits. 
A 200 sector disc can no longer be used. The 
length of each sector must be increased to allow at 
least 720 bits per sector. The disc which will be 
supplied for this particular type of operation will 
contain only 135 sectors. However, each sector 
will be half again as long as the sector for the 
200 sector disc. 


The Data Disc Corporation provides the Data Disc 
with the Sector Clock track left blank to be written 
by the individual customer in his format. This is 
why the Data Disc must be purchased through 
Tektronix. The disc arrives from the Data Disc 
Corporation, has the Sector Clock track written 
with the appropriate number of sectors and is then 
shipped to the Tektronix Systems customer. 


Once a particular sector has been located on the 

200 sector disc the entire sector, approximately 

500 bits wide, can be read in about 167 microseconds. 
Note however, that this does not include the time it 
takes to select the head and wait for the disc to 
rotate until the sector to be read or written is 
passing by the data heads. The complete cycle time 
is approximately 16 ms of average access time and 

an additional 167 us read or write time. The 135 
sector disc with its longer sectors requires 
approximately 250 us to read or write a complete 
sector. 
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CHANNEL 
NUMBERS 


PARITY BIT 

MOST SIGNIFICANT BIT 
SPROCKET HOLE 

LEAST SIGNIFICANT BIT 





Fig. 3-1. Format for eight-channel tape. 


tape 
format 


BINARY PARITY 
NUMBER BIT 


o 0000 0 
o O| 0001 1 
о О 0010 1 
o OO| 0011 0 
о О 0100 1 
o O OI| 0101 0 
o 0O 0110 0 
о ООО! 0111 1 
Oo 1000 1 
O oœ O| 1001 0 
оо О 1010 0 
Оо ОО 1011 1 
о о 1100 0 
Оо-о о 1101 1 
0°00 1110 1 
О ° ООО| 1111 0 





Fig. 3-2. Punched tape sample. 
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PUNCHED TAPE - TAPE READER 
AND TAPE PERFORATOR 


A second type of memory which can be used with the 
Туре $3130 Tektronix System uses a punched tape. 
Information to be stored is placed upon a metallized 
mylar or opaque paper tape which has a hole punched 
wherever a l occurs. Fig. 3-1 shows the format for 
the tape used. A standard 8 channel tape is used. 
Channels 1, 2, 4 and 8 will be punched to contain a 


hole for each bit in a character to be utilized by 


the system. Channel P will include a parity bit. 
Parity is required since the information on the tape 
will be used by a Type 240 Program Control Unit in 
common with information from the disc memory. 
Channels X, Y and Z will always be left blank with 
one exception. At the beginning of a complete 
program (a program being either 48, 96 or 144 
characters) for the first character channels X, Y 
and Z will be punched - 111. This provides a visual 
means for locating the beginning of a program. An 
operator when loading the tape can. determine where 
the beginning of a program occurs. 


Each line on the tape contains one character plus 
parity. Each line on the tape also includes a 
sprocket hole. The sprocket holes are used to 
determine or locate the position of a line. A 
sample of a punched tape appears in Fig. 3-2. The 
first character contains 1, 1, 1 in channels X, Y 
and Z which identify this character as being the 
first on a program. Note that in channels 1, 2, 4, 
8 and P there are no holes. This is read as binary 
number 0000 with a parity bit of 0. The second 
line has binary number 0001 and the parity bit is 1. 
Note that in this case channel 1 and channel P 
contain a hole. In all cases even parity is used, 
a l bit will be placed in channel P only when the 
number of 1's otherwise is odd. 
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Remex tape 
reader 
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Information stored on a punched tape must be made 
available to the Type 240 Program Control Unit by 
means of a tape reader. The standard tape reader 
made available by Tektronix for the Type 53130 
System is a Remex unidirectional low speed optical 
Tape Reader, Model RR-0302-RB* The Remex Tape 
Reader is capable of reading up to 300 lines of 
information per second. In the case of the $3130 
system this means that the maximum load rate is 300 
characters per second. If the $3130 has a Type 240 
and two 250's the total number of characters in a 
program is 144. This makes the load time 
approximately 1/2 second. By comparing 1/2 second 
with 250 microseconds which is the read-in time from 
the rotating disc memory one sees that the tape 
memory is considerably slower. 





The Remex Tape Reader may be divided into two 
sections. The tape transport section and the tape 
reader section. The tape transport section has the 
mechanical means for advancing the tape past the 
tape reader section. The Remex Tape Reader uses a 
capstan and pinch roller system for advancing the 
tape. Drive power is provided through the constant : 
rotation of the capstan drum or roller. The tape i 
is held between the capstan and another roller 
called a pinch roller. Upon command the pinch 
roller is made to apply pressure toward the capstan. 
The pressure applied is designed to allow continued 
smooth functioning of the capstan. 


reader 
section 


The pinch roller is activated by a Drive Magnet. 
When not advancing the tape is held motionless. 

The simplified diagram of Fig. 3-3 shows that when 
the Type 240 commands the tape reader to act, a 
control line called Read Tape Command is pulled low. 
This energizes the Drive Magnet solenoid and de- 
energizes the Brake Magnet. The tape advances as 
long as Read Tape Command is low. When the Type 240 
pulls Read Tape Command high the Drive Magnet de- 
energizes releasing the pinch roller. Simultaneously 
the Brake Magnet energizes and applies a clamp to 
the tape, stopping it almost instantaneously (the 
tape has little inertia). 


This drive system allows very fast tape speeds since 
no waiting for a drive motor to reach operating 
speed is required. 





*Registered Trademark - Remex Electronics. 





FARE CE EAC AS: i 
LLL ML KL LON CU aon tbe AUN 


23 







READ TAPE COMMAND 
(DRIVE FORWARD* ) 


BRAKE 
MAGNET 


* REMEX NAME = T 


Fig. 3-3. 


The tape reader section operates by means of a photo 
electric process known as the "Read Through Technique." 
The presence of a bit is detected by light striking a 
photovołtaic cell commonly known as a solar cell. 

The solar cell generates a voltage dependent upon the 
amount of illumination reaching it. Nine solar cells 
are used in the form of an array of detectors for a 
complete line of tape data. This array is fabricated 
from one slab of material. The solar cell array is 
located above the tape. Below the tape 9 lights are 
positioned under small lenses which focus the light 
upwards toward the tape. The tape being metallized 
mylar is opaque. Where no hole is punched in a 
particular column, no light reaches the photovoltaic 
cell and there is no output. This is recognized by 
the system as a 0. Where a hole has been punched 
light does strike the solar cell, the solar cell 
provides an output and this is recognized as al by 
the tape reader. 
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Fig. 3-4. 
A simplified block/logic diagram of the read station 
is shown in Fig. 3-4. The edge of the tape is shown, 
read the direction of motion would be towards the reader. 
station The output of the sprocket track is connected to an 
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inverter. The low from the inverter is connected to 
5 mixed logic gates. For the output of a gate to be 
low one input must be low, one input must be high. 
For example, gate A is connected to the track 1 
photovoltaic cell. When light passes through the 
hole in the tape and strikes the photovoltaic cell a 
high output voltage results. This high connected to 
gate A will result in a low output if the other input 
to gate A is also low. Input 2 to gate A is low only 
when a sprocket hole is passing between the light 
source and the sprocket detecting photovoltaic cell. 
Thus the sprocket hole is used as a means of 
recognizing the presence of a character. Between 
sprocket holes no gate can have an output and no 
character can be recognized. The output of the 
sprocket cell is also connected to the output of the 
tape reader. The Type 240 Shift Registers require a 
signal to clock each character into the registers. 
The detected sprocket hole signal serves this purpose 
and the signal is known as "Read Clock." 


The outputs of the tape reader are: Read One, Read 
Two, Read Four and Read Eight which are the character 
outputs. Read Parity is used for error checking and 
Read Clock is used for timing purposes. (The names 
in parenthesis on the diagram are the Remex names 
utilized within the tape reader.) 


When reading information from the tape memory it is 
important to notice that each character is available 
as four bits in parallel. Unlike the rotating disc 
format no serial to parallel conversion is required 
and the data can be read into the Type 240 Shift 
Registers at the rate of one entire character for 
each clock pulse. The tape reader comes with 
facilities for reading 8 channels of information. 
Note however, Tektronix utilizes only 5 of these. 
One of the ways that a tape may be originally punched 
is via a computer controlled tape puncher. The 
computer may program the tape puncher by using the 
ASCII code*. 


Channels X, Y and Z are utilized in the ASCII code. 


Even though the character is punched in ASCII code 


the tape reader will ignore channels X, Y and Z and 
recognize only channels 1, 2, 4, 8 and P. 


*See Digital Concepts Book, Tektronix, December, 


1968, pages 10 and 11. 
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THE TAPE PUNCH 


An optional Tape Punch is available for systems. 

The Tape Punch consists of a Model 420PR Perforator 
Unit manufactured by Tally Corporation, Seattle, 
Washington, and a Perforator Drive Unit manufactured 
by Tektronix. Photographs of the complete assembly 
appear in Figs. 3-5A and 3-5B. The Tally Perforator 
Unit is a self-contained high speed tape perforator 
which operates asynchronously at up to 60 characters 
per second. Mechanically it is a power supply, a 
motor to drive the tape and a punching station with 
9 solenoid controlled punches. 


The tape perforator contains no punch control 
circuitry in order that the user may adapt the 
operation of the device to his needs. The Tape 
Perforator Drive Unit is manufactured by Tektronix 
to operate the perforator synchronized to a Type 240 
Program Control Unit. The perforator contains 9 
punches. Eight of these are arranged to hole punch 
according to the tape format shown in Fig. 3-1. The 
ninth punch punches the much smaller sprocket hole 
located between channels 4 and 8 in the tape format. 


The function of the tape perforator drive unit is to 
act as interface equipment between the Type 240 and 
the perforator unit. The drive unit accepts data 
from the Type 240 and commands the perforator to 
punch holes into the tape. The pattern punched on 
the tape corresponds to the value of data stored in 
one character of the Shift Register of the Type 240. 








5954 


(A) 





(B) 


Rear view of perforator unit with 
perforator drive unit installed. 
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Refer to Fig. 3-6 which is a simplified logic diagram 
perforator of the perforator drive unit. The numbered blocks at 
timing the top of the diagram indicate the perforator unit 

punch solenoids. These are arranged from left to 

right in the same format shown for the 8 channel tape 
in Fig. 3-1. The sprocket solenoid also actuates 
advance circuitry within the tape perforator unit. 










о Approximately 6.5 ms after the end of the sprocket 
L = drive signal the perforator unit will automatically 
Б Бш z advance the tape sufficient space to allow the 
=a : punching of a new character. 
O Lu 
S The input signals to the drive unit from the 240 are 
o5 Write Parity, Write 8, Write 4, Write 2 and Write 1. 
> In addition the Write Tape Command is also received. 
input to A 60 cycle AC signal is applied to a Clock Shaping 
drive circuit. The Clock output is a pulse approximately 


4.5 ms in width with a period of 16.66 ms. Clock is 
applied to the Punch Enable gate. The other input to 
the Punch Enable gate is the Write Tape Command. 
Unless Clock is true and Write Tape Command is true 
no action is initiated by the tape perforator drive 
unit. 





When operating, the following sequence of events 
takes place: Write Tape Command from the Type 240 
goes true and will remain true for the duration of 
the Write Tape cycle. This signal ANDed with Clock 
enables the Data and Parity gates. The true output 
sequence of the Punch Enable Gate is ANDed with whichever 
To punch data bit is true giving a true output and actuating 
the corresponding solenoid. For example, if the Write 
Tape 8 bit is true the output of the Data 8 gate is 


true. This actuates the punch solenoid in position 
8. 


DATA 4 


TAPE PERFORATOR UNIT PUNCH SOLENO!DS 
СЕ CRAB 


PARITY 
GATE 
DATA DATA 8 
8 
DATA 
4 
DATA 
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WRITE 8 
WRITE 4 
WRITE 2 
WRITE 1 


Simplified logic diagram of the tape perforator drive unit. 


WRITE PARITY 





WRITE TAPE CLOCK TO 240 


YUAN BH 


As long as Write Tape Command remains true the status 
of the Punch Enable gate is determined by the Clock 


Е T | pulse. Each time Clock goes true it enables the 
Si . 1 Data gates. Clock also actuates the sprocket and 
o8 „90 advance solenoid. The sprocket hole will be punched 
Pa write tape even if no other hole is punched in that character 
59 comma nd position. When Clock goes false the Punch Enable 


gate goes false. Approximately 6.5 ms later the 
perforator unit advances the tape for a new 
character. 
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At the beginning of a Write Tape sequence the Write 
Tape Command goes true and couples to the First 
Character flip-flop. The negative edge sets the 
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flip-flop and the zero output of the flip-flop goes 
true. This true bit is applied to the First 
Character gate. The Punch Enable gate output goes 
true with the arrival of the next shape clock pulse. 


The First Character gate now has both inputs true, 
The true output of the First Character Gate is 
coupled to the Tape Punch solenoids in positions X, 
Y and Z. These solenoids are actuated and punch 
the 3 holes in positions X, Y and Z. X, Y and Z 
are punched only in the first character of a test 
sequence. This is true because as the first Punch 
Enable gate goes false this level is inverted and 
resets the First Character flip-flop. The zero 
output of the flip-flop goes false disabling the 
First Character AND gate. As long as Write Tape 
Command remains true no further punching in the X, 
Y and Z positions will take place. At beginning of 
a new tape sequence the flip-flop is set and X, Y 
and Z are again punched. 


The inverted Punch Enable gate is coupled out to the 
Type 240 as the Write Tape Clock, signalling the 240 
to clock its registers for the next character. As 
long as Write Tape Command remains true the Punch 
Enable gate goes true with each clock and a new 
character is punched. As the 4.5 ms wide clock pulse 
goes false the 240 is clocked. Since clock occurs 
at 16.66 ms intervals approximately 12 ms is 
available to receive the next character from the 240 
registers and advance the tape. This sequence of 
events continues until the Type 240 has clocked all 
characters stored in its registers to the tape 
punch. At that time the 240 ends the Write Tape 
Command. With Write Tape Command false no further 
action takes place in either the tape perforator 
unit or the tape perforator drive unit. 


shift 
register 


At the beginning of a new Write Tape sequence the 
entire action repeats. Coincident with the first 
character the X, Y and Z positions will be punched., 
This serves to give an operator an easy way of 
identifying the beginning of a measurement sequence 
when loading the tape into a tape reader. 


type 250 
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THE TYPE 240 PROGRAM CONTROL UNIT AND 
TYPE 250 AUXILIARY PROGRAM UNIT 


The most complex instrument in the Memory and 
Control section of a system is the Type 240 Program 
Control Unit. The Type 240 contains facilities for 
programming; a sampling vertical such as the 3S5 or 
356; a sampling time base such as the 3T5 or 3T6; 
and the Type 230 Digital Unit. 


The principle part of a Type 240 is the Shift 
Register. The Shift Register of the 240 utilizes a 
serial-parallel four bit character format. That is, 
each cell of the Shift Register holds four bits at a 
time and thus may be said to contain one character. 
Since the Shift Register is 48 characters long, the 
total word length for a 240 is 48 four bit characters. 
The word length may be expanded in increments of 48 
characters for each (limit two) additional Type 250 
Auxiliary Program Control instrument. 


The Type 250 will not operate by itself but must be 
operated as an auxiliary to a Type 240. The 
principle purpose of the Type 250 is to expand the 
number of cells present in the Shift Register. With 
a Type 240 and one 250 the word length is 96 four bit 
characters. With a 240 and two 250's the word length 
becomes 144 four bit characters. The Type 240 by 
itself provides programming for the sampling units 
and the digital unit. If additional devices are to 
be programmed such as pulse generators, power 
supplies, etc., the Type 250 is required. 
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which is to be turned on. The head numbers assigned 
range from 0 to 7 for the 8 heads in the disc memory. 
The 8th head is not called number 8 because the 
address in the 240 is in binary coded form which 
four bits requires four bits to express the digit 8 and only 
three bits to express digits between O0 and 7. Ву 
using numbers O to 7 for the 8 heads a bit may be 
saved for other purposes. The last three digits of 


the address determine the sector which is to be read 
by the 240. 






Recall that on the rotating disc memory each track 
contains 200 sectors. Suppose address 7010 is 
selected. The Type 240 generates the Head Change 
pulse and the Track Selection lines are energized. 
Head number 7 is selected. Then sector pulses are 
counted until the sector 10 pulse appears. At that 
time the Load line goes true and serial data from 
the disc is loaded into the Shift Register. Refer 
to the simplified block diagram in Fig. 4-2. (In 
the following block diagram discussions, detailed 
block diagrams are not used. Only the most 
important signals or line connections will be 
mentioned. For a detailed discussion of the Type 
240 refer to the Type 240 instrument manual.) 
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Fig. 4-1. Type 240 front and rear views. 
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The Type 240 accepts program data in serial by bit 
form from the rotating disc memory and serial by 
character form from a punched tape reader or computer. 
The front panel of the Type 240 is shown in Fig. 4-1. 
There are 8 modes of operation which will be discussed 
in detail. 
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ADDRESS AND 
CONTROL CIRCUITS 





HEAD SELECTION LINES 
DISC READ 






230 MINUS TRIGGER 







ADDRESS 


The mode which is probably most commonly used is the 








read test READ TEST SEQUENCE FROM DISC. In this mode the О 
sequence sequence of operation is as follows: The Type 240 SHITE RERISEER 
from disc first requires the initial Disc Test Address. This 


may be given to the Type 240 via the four dial 
switches labeled DISC TEST ADDRESS or may be supplied 
to the Type 240 from an external source via a plug on 
the rear. The address consists of four decimal digits 
with the following format: The first digit of the 
address identifies the head in the Rotating Disc unit 


PROGRAM PROGRAM 
LINES LINES 





230 PRINT 
COMMAND 


568 
356 ANALOG 
3T6 DATA 


230 


Fig. 4-2. 240 block diagram--read test sequence 
from disc mode. 
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Recall that data is stored in the disc in serial 
form, four bits of data plus a fifth bit for parity; 
followed by four bits of data plus a fifth bit for 
parity, and so on. The format of the Shift Register 
in the Type 240 requires that data be entered one 
character at a time in four bit parallel form, 
therefore, a serial to parallel conversion is 
required. This conversion takes the first four bits 
of each character and places them on four parallel 
lines labeled Data 8, Data 4, Data 2 and Data l. At 
the time the fifth bit arrives parity is checked. 
The Data Conversion and Parity check section must 
find that the total is an even number. 


If at any time during the load process an error is 
detected, a special routine is initiated which 
repeats the entire sequence. That is, the 240 goes 
back to the beginning, counts sector pulses all over 
again and reinitiates the Load cycle from the 
beginning. The Type 240 will continue to repeat this 
process if an error continues to occur until stopped 
by the operator by means of the STOP push button on 
the front panel of the Type 240. 


With the arrival of the parity bit, all four bits of 
the character are available on the four parallel 
lines. At this time after parity check has occurred, 
the first character is shifted into the Shift 
Register. The Shift Register is called a "left 

shift register" because on the block diagram or 


schematic the data appears to move from right to left. 


After shifting the first character into the Shift 
Register the Data Converter immediately begins to 
convert the next four bits into parallel data. With 
the arrival of the second parity bit the second 
character is shifted into the Shift Register and so 
forth. 


In the Address Counter and Control Circuitry block 
an additional counter is included called the 
Character Counter. After 48 shifts have been made 
into the Shift Register the Character Counter will 
signal that registers are full. At this time the 
Load signal will end. The Shift Register contains 

48 characters or 192 bits of data. Next, the 

output of each cell of the register is made 

available on a parallel basis. 192 lines are present 
each of which contains either a 1 or 0. A number of 
these lines connect to the sampling vertical plug-in, 
a number connect to the sampling time base plug-in 
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and a number to the Type 230 Digital Unit. The 
program lines set vertical sensitivity and vertical 
offset in the sampling vertical, equivalent time per 
centimeter and delay in the time base and tell the 
Type 230 what kind of measurement is to be made. The 
Type 230 uses up to a total of 105 lines. With the 
program made available to the Type 230 and the plug- 
ins the system is now ready to make the measurement. 


To initiate the measurement the Control Circuit part 
of the 240 initiates a pulse called the "230-Trigger." 
This connects to the 230. The 230 proceeds through 
its operating cycle making either the time or voltage 
measurement as programmed. When the measurement is 
completed the Type 230 puts out a signal known as 

"230 Print Command." The Print Command signal 

couples back to the 240 Shift Register. From the 
Shift Register a signal called "Gated Print Command" 
goes back to the Control Circuit. 


When the Gated Print Command arrives at the Control 
Circuit block an entirely new Load cycle is started. 
This time however, instead of locating the address 
which was placed in by the DISC TEST ADDRESS dials 

on the front panel of the 240 the Control Circuit 
box connects to characters 4, 5 and 6 of the Shift 
Register. In each sector loaded from the disc the 
first three characters of information always give 

an identifying number for that particular measurement. 
Thus at the present time since the first cycle was 
addressed 7010 the first three characters of 
information in the Shift Register contain Present 
Address. Characters 4, 5 and 6 always contain Next 
Address, this is to say, at the system programmers 
option characters 4, 5 and 6 may be set to direct the 
240 to go next to any of the 1,600 sectors available 
on the disc. 
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A special format is used in the Present Address 

block of characters and the Next Address block of 
characters. Fig. 4-3 is a program format for those 
characters. Examine particularly character l. Bits 
4, 2 and 1 always contain the head or track number 
upon which this sector is located on the disc. Here 
we see in bit cells 4, 2 and 1 the bits, 1, 1, 1. 
Binary 1, 1, 1 is decimal 7. Thus these bits 
identify the address as being on track 7. Bit 8 of 
character 1 is part of the sector identifying number. 
If bit 8 is a 0 the second digit of the address is 0. 
Thus by the special format of character 1 two decimal 
digits are indicated. Because of the special way of 
numbering sectors the second digit of a sector is 
always either a 0 or al. This explains why no 
sector is numbered 200 because to express 200 would 
require another bit. In this case bit 8 of 

character 1 is a 0 so we have as the first two digits 
of our address 70. Character 2 contains the third 
significant digit of the address in BCD format. In 
this case we see the binary digits 0001 which in BCD# 
is decimal 1. In the third character we see the last 
significant figure of the address in BCD form which 
is 0. Thus the complete address read from left to 
right is 7010. 


At the time the Shift Register is loaded, the twelve 
bit cells which contain the first three characters 
of data are connected through suitable circuitry to 
the NIXIE* tubes on the front panel of the Type 240. 
The Nixie tubes then display the present address in 
proper format. The operator is always informed of 
the address number of the sector which is stored in 
the register. Characters 4, 5 and 6 always contain 
Next Address. The format for characters 4, 5 and 6 
is similar to that of characters 1, 2 and 3. That 
is, bits 4, 2 and 1 of character 4 contain the track 
number for the next address. In this case we see l, 
1, 1 which is decimal 7, the first digit of the next 
address is a 7. Looking at bit 8 we see a 1, 
therefore, the first two digits are 71. Character 

5 in BCD contains a 2. Character 6 contains a 2. 
Thus, the four digit address is 7122. The twelve 
bits from characters 4, 5 and 6 are made available 
to the Address Counter and Control Circuit block. 
Since we are operating in READ TEST SEQUENCE FROM 
DISC, the next test which is to be performed in the 
sequence is located at address 7122. 


#See Digital Concepts Book, Tektronix, December 1968, 


Page 7. 


*Registered Trademark - Burroughs Corporation. 
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230 Print Command has been received from the 230 
indicating that a measurement has been completed. 
The 240 is now ready to perform a new cycle. The 
Control Circuit now connects to characters 4, 5 and 
6 of the Shift Register. The Next Address contained 
here is used by the Address Counter and Control 
Circuit block to locate the next measurement. The 
head selection line again selects head 7. This time 
the Load signal activates at sector 122. Load 
causes the Data Conversion block to begin to load 
data from the Data Disc to the Shift Register. Each 
new character is shifted until the Character Counter 
in the Control Circuit block indicates that 48 
characters have been shifted. Now the Shift 
Register is signaled to connect the 192 lines to the 
system. The sampling plug-ins and the Type 230 
receive the new program. A new Type 230 trigger 
Signal is generated. The Type 230 performs the 
function and sends back 230 Print Command to the 240 
Shift Register. The Shift Register sends the Gated 
Print Command to the Control Circuit block which 
enables a complete new cycle. Thus the sequence 
will continue automatically. 


CHARACTER NUMBERS 





PRESENT NEXT 
ADDRESS ADDRESS 


EXAMPLE 7010 EXAMPLE 7122 


Fig. 4-3. Format of characters 1-6. 
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BIT VALUE 


47 BRANCH SINGLE BRANCH 
RED PASS YELLOW 
CHARACTER 


STOP STOP 


230 TRIGGER 
GREEN YELLOW DELAY 


48 





Fig. 4-4. Format of characters 47 and 48. 


The cycle continues until a measurement is loaded 
which contains special data in character 47 or 48. 
Refer to Fig. 4-4 which shows the character format 
for characters 47 and 48 of the Type 240. In 
character 48 bit 8 is labeled Stop Red, bit 4 is 
labeled Stop Green, bit 2 is labeled Stop Yellow. 
At the programmer's option within a measurement 
sequence should the device being tested fail any 
one of the measurements the sequence may be stopped 
at that point. Should the 230 when comparing its 
limits against the measured results indicate that 
the device is either ABOVE UPPER LIMIT (Red light) 
or BELOW LOWER LIMIT (Yellow light) the programmer 
may cause the sequence to stop at that point by 
simply making bit 2 or bit 8 of character 48 true. 
The Type 240 then stops the sequence on any 
measurement which ends with a Red or Yellow lamp 
illuminated. In order to unconditionally stop the 
sequence the programmer goes to character 48 and 
makes bit 8, bit 4 and bit 2 all true. At least 
one of the three indicator lights on the front panel 
of the Type 230 will always light at the end of a 
test. By programming Stop Red, Stop Green and Stop 
Yellow the sequence must stop at this test. Thus 
the programmer has complete control over the stop 
point for a sequence. A sequence might be a total 
of two measurements, four measurements or fifty-nine 
measurements at the option of the programmer. 


The other bit cells in characters 47 and 48 provide 
various program options for a measurement sequence. 
Character 48 bit 1 is the 230 Trigger Delay bit. 

If that bit is made true the 230 trigger signal will 
be delayed by an amount which is manually adjustable 
between 25 ms and 250 ms. In a large system 





Zz 
2 
f 
ee 
T 
2 
T 
X 
t 
= 
< 
a 
i 
€ 
= 
E 
а 


Wad AU ACRAS ete i ARRA RN 





repeat 
measurement 


240 
decision 
making 


39 


containing DC power supplies and pulse generators 
often a certain amount of settling time is required. 
For example, the Type R116 Programmable Pulse 
Generator, when changing from one range to another, 
may require up to 50 to 100 ms for the circuits to 
seek the new programmed levels and for transients to 
settle down. For a measurement which involves such 
a change in the R116 the programmer may introduce a 
fixed amount of delay to allow for that settling 
time. If the Type R116 requires 100 ms settling 
time for a certain range change, by delaying the 230 
trigger by 150 ms ample time is allowed for the R116 
to reach its new setting and settle down before the 
230 is triggered to make a measurement. 


Character 47 bit 1 is called a High Speed bit. When 

character 47 bit 1 is made true certain functions are 
enabled in the Type 230 which will speed up the total 
measurement time. The effects of the High Speed bit 

are discussed in detail in Chapter 8. 


The Type 240 is automatically programmed to repeat 
any measurement which gives an out of tolerance 
indication. This is to say, for a particular 
measurement, if the 230 Front Panel Red light comes 
on the 240 will detect this condition and 
automatically repeat that same measurement. Ina 
sense the 240 is saying to the 230: "Are you sure 
the device is out of tolerance?" On the second pass 
or second measurement the 240 will proceed as 
normally, that is, with the arrival of the second 
230 Print Command the Type 240 will go on to the next 
measurement in the sequence. Should the programmer 
desire to save time by avoiding the double pass 
feature, with character 47 bit 4 made true the 240 
will only make a single pass on a measurement which 
results in a Red or Yellow limit indication. 


Character 47 bit 8 and bit 2 provide the system 
programmer with a powerful programming tool. At the 
option of the programmer, the Type 240 may be given 
a limited form of decision making capability by means 
of these bits. Suppose that at test 10 of a sequence 
the risetime of the device (a transistor) being 
tested by the system is measured. If the transistor 
has a faster than normal risetime, it may become a 
premium quality transistor which requires a 

different series of tests. A programmer at test 10 
character 47 bit 2 true may enable the Branch Yellow 
sequence. In this case, if at test 10 of the normal 
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sequence the transistor gives results which cause 
the BELOW LOWER LIMIT light to come on, circuitry 
in the Type 240 will detect the presence of the 
Yellow light and will initiate a branch sequence in 
the program. 


When branching is energized a special process takes 
place within character 6. Recall that character 6 
is the least significant digit for Next Address. 
The branching circuitry will connect to bit 1 of 
character 6 and add 1 to that bit, in other words, 
when a branch sequence is enabled the branch 
circuitry automatically alters Next Address in the 
sequence. This requires that the measurement in a 
test sequence where branching ts destred must have 
an even numbered Next Address. To be effective bit 
l of character 6 must be a zero. No carry 
circuitry is present in the Type 240, if bit 1 of 
character 6 is already 1, adding a 1 will produce no 
change. 


The preceding relationships are quite complex. The 
sequence of events may be understood more clearly by 
the use of a flow diagram. See Fig. 4-5. We assume 
the present test in a sequence is address 6015. 

When the test has been made a number of questions are 
asked by the decision making circuitry in the Type 
240. The first question asked is: "Is the measurement 
Out Of Limits?" If the answer is no, then the next 
question asked: "Is Stop Green energized?" If the 
answer is again no, the 240 will proceed to the next 
address (For this example 7010). If the result of 
the out of limits question is yes, an alternate 
question becomes appropriate: "Is Single Pass 
energized?" If the answer is no, the present test 
will be repeated. After the test the question: "Is 
the Result Green?" will be asked. If the answer is 
yes, we proceed back into the normal sequence. "Is 
the Stop Green energized?" If no, then the 240 
proceeds to address 7010. If Single Pass is 
energized the sequence will bypass the Repeat Test 
sequence and will proceed to the question: "Is Stop 
Yellow energized?" For the present sequence we 
assume that the result of the test was below limits, 
therefore the yellow light is on and that after 
repeating the test the yellow light is still on. 
Therefore, after the Result Green question is asked, 
the answer is no. Next the circuitry which asks "Is 
Stop Yellow energized?" comes into play. If Stop 
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Yellow is energized then the 240 will proceed to stop 
the sequence. If the answer is no the Branch Yellow 
circuitry will come into play. Is Branch Yellow 
energized? If the answer is no, we proceed 
immediately to next address 7010. If the answer is 
yes, we proceed to address 7011. Notice that the 
previously mentioned circuitry will have changed bit 
1 of character 6 (the last digit of Next Address) 
from O to 1. 


The programmer at his option from address /011 may 
proceed into an entirely new sequence of measurements 
which could perhaps measure the device against a set 
of tighter limits. Those which successfully passed 
the tighter limits sequence could be premium quality 
devices. The measurement at test 6015 could have 
resulted in a Red ABOVE UPPER LIMIT indication. In 
this case the risetime would be lower than normal. 
An alternate branch routine could be incorporated at 
this point to check the device against relaxed 
limits. 


A complete flow diagram including the Branch Red 

and Branch Yellow options is shown in Fig. 4-6. It 
is clear at this point that the 240 may be programmed 
to perform a limited type of decision making. This 
may be compared to the decision making capability of 
a computer. 


Once branching has taken place the 240 will be in an 
entirely new sequence. The programmer could, should 
he so desire, initiate new branching decisions 
within each new sequence. The complexity of the 
possible testing procedure for a single device is 
limited only by the maximum number of measurements 
which are available on the rotating disc memory. 
With a grand total of 1,600 measurements available 
very complex test routines can be set up in the 
system. 
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Another mode of operation for the 240 is READ TEST 
FROM DISC. The READ TEST FROM DISC mode is quite 
similar to the READ TEST SEQUENCE FROM DISC mode. 

The difference being that the 240 will go to the 
Disc Test Address set in by the dial, or the 
external source, load that test, make the measurement 
and stop at that point. The sequencing circuitry 

is disabled. Using this mode to proceed from one 
test to another test the Type 240 must receive a 
change in disc test address either by manually 
changing the front panel dials or changing the 
external source address. In this mode, if a parity 
error is detected, no repeat search is made. The 

240 simply completes the load sequence. This permits 


examining the Shift Register bits to determine what 
the error is. 
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Fig. 4-6. 240 branching flow diagram. 
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Fig. 4-7. 240 block diagram--read test sequence 
from tape mode. 


A third mode of operation is READ TEST SEQUENCE FROM 
TAPE. When the system utilizes only the punched 
tape as a memory or when it is desired to operate 
alternately between the rotating disc memory and the 
tape memory the READ TEST SEQUENCE FROM TAPE mode is 
chosen. A block diagram of the 240 operating in 
READ TEST SEQUENCE FROM TAPE mode is shown in Fig. 
4-7. Data from the tape reader comes via five 
parallel lines: the Read 8, Read 4, Read 2, Read 1 
and Read Parity lines. Since the data is already 

in character format no serial to parallel conversion 
need take place, therefore, the data enters the Tape 
Parity Check block, is checked for parity and is 


then shifted directly into the Shift Register. Again 


the Control Circuit counts the number of times a 
character has been shifted into the Shift Register 
and in the case of a single 240 ends the Read Tape 
Command at the 48th character. The Tape Clock 
signàl provides the necessary timing signals for 
Shift Register clocking. 
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Should the Tape Parity Check block detect an error, 
most probably the tape has been mispunched. The 
Remex Tape Reader is a unidirectional device so 
when a Tape Parity error is detected the only 

thing that can be done is to stop it. The only way 
of reloading the test is to physically remove and 
reinsert the tape and start over again. 


Once the Shift Register is completely filled it is 
signaled to make its data available. The 230 makes 
the new measurement, sends 230 Print Command back 
to the Shift Register of the 240. If the 
measurement is out of limits the 240 checks for 
single pass or double pass. If it is programmed 
for double pass the measurement is made again. The 
second time 230 Print Command arrives at the Shift 
Register the Gated Print Command is generated and 
sent to the Control block. The Read Tape Command 
then allows the system to load the next measurement. 
This will continue until a test occurs which has 
character 48 set for Stop Red, Stop Green and Stop 
Yellow. With the end of a sequence the tape must 
either be physically repositioned to the beginning 
measurement or the tape may be operated in an 
endless loop fashion. If the tape is looped the 
entire sequence may be repeated again by pushing the 
START button on the Type 240 front panel. 


Another mode of operation for the Type 240 is the 
TRANSFER TEST ON DISC TO TAPE mode. Even though a 
disc may contain up to 1,600 measurements it is 
quite possible that a single disc may not be able 
to hold enough single programs to enable the tests 
of all varieties of devices that the system operator 
wishes to make. It is possible by utilizing the 
tape perforator to transfer all of the tests on a 
disc to a permanent record on a punched tape. The 
system owner may also make a permanent copy 
(hardcopy) of all data on the disc as insurance 
against the possibility of accidental erasure of 
data on the disc. 


In the present mode the operator may transfer each 
Disc Test Address to the tape in the following 
manner: Set the address using the DISC TEST ADDRESS 
dials. Next push the START button. At this time 
the 240 locates the desired Disc Test Address and 
loads the address into the Shift Register. When 
the Shift Register is full, the Type 240 
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automatically transfers the data in the registers 


.to the tape perforator which in turn punches the 


tape in the required character format. The 240 
contains circuitry which automatically generates 
a parity bit for each character. For each test 
which is to be transferred to tape the above 
procedure applies. 


The 240 permits a complete program to be built 
directly in the Shift Register. An operator, from 
the front panel of the Type 240, can completely 
program each bit and each character in the Shift 
Register. The mode which makes this possible is the 
EXAMINE OR MODIFY CHARACTERS IN REGISTER mode. On 
the front panel the lettering for this mode is in 
green and utilizes the same dial which is called 
DISC TEST ADDRESS in the various DISC modes. The 
three right hand digits of the dial are labeled in 
green as CHARACTER ADDRESS. The output end of the 
Shift Register is connected back to its input end 
forming a Circulating Shift Register. When the 
START button is pressed the Type 240 refers to the 
CHARACTER ADDRESS dials, interprets that number and 
initiates a shift cycle around the Shift Register 
loop. 


For example, suppose the dials are set for character 
10. When the START button is pushed the Shift 
Register receives clock pulses which shift the data 
in the registers in an endless loop. If a Type 240 
is used without a Type 250, the register will be 
shifted exactly 48 times. The character counter in 
Control Circuit will count each shift pulse and when 
the total reaches 48 the data which was originally 
in character 1 will have been shifted back to its 
original position. All other characters will be 
back in their same respective positions. When the 
lOth shift pulse is applied to the Shift Register 
the data stored in character 10 is just shifting 

out the end of the Shift Register. At this time a 
four bit storage register is energized which stores 
the data in character 10. To give the operator a 
visual indication of what was stored in the 
particular character in question, four lamps appear 
on the 240 front panel, labeled CHARACTER DATA 8, 4, 
2 and l. The lamps connect to the four bit storage 
register. Should character 10 contain 0101 the 4 
light and the 1 light will be illuminated. To 
interpret the data of the character a light which is 
not illuminated counts as a O0 and an illuminated 
light counts as al. 
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Just below the CHARACTER DATA lights is a concentric 
rotary switch-push button arrangement labeled 
MODIFY-NEW DATA. The rotary switch has 16 positions 
labeled from 0 to 15. Using our previous example, 
supposing character 10 has 0101 stored in it and we 
wish to change the data stored in that character to 
1101. The value of 1101 in binary form is 13 in 
decimal form. The 16 position switch is rotated 
until the indicator points to 13 and the red NEW 
DATA button is depressed. At that time the Shift 
Register will again perform 1 complete revolution. 
This time however, when character 10 (we still 
assume the CHARACTER ADDRESS dials are set for 
character 10) arrives at the output the data 
presently stored in character 10 is discarded and 
the new data bits 1101 are inserted. The shift 
cycle continues for 48 clock pulses, at the end of 
the cycle character 10 is back in its original 
position in the Shift Register. The only change is 
that instead of reading 0101 as before character 10 
will read 1101. 


Utilizing the EXAMINE MODIFY mode and the MODIFY-NEW 
DATA switches all 48 characters in the Shift Register 
may be loaded to any desired program. Hand loading 

a complete program can be time consuming. Very often 
however only one or two characters (of the 48 total) 
need be changed from one measurement to the next. 

The operator therefore can modify the required 
characters and store the complete contents of the 
Shift Register on the disc. This means that a long 
measurement sequence can be stored on the disc 
within a reasonably short time. 


When the operator desires to modify an existing 
program on the disc the procedure is quite simple. 
Suppose that the operator desires to change the test 
stored in address 6111. He places the MODE switch 
in the READ TEST FROM DISC mode, places the DISC 
TEST ADDRESS switches to read 6111 and pushes the 
START button. This loads the Storage Register with 
the complete program stored in address 6111. He 
then switches to EXAMINE OR MODIFY CHARACTERS IN 
REGISTER mode and by selecting the desired character 
for example, character 25, and pushing the START 
button he can examine the present data in that 
character. Should he desire to make a modification 
he rotates the MODIFY switch to the proper position 
presses the red concentric NEW DATA button and the 
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data in character 25 of the register is now modified. 
It is important to notice at this point that the 
bits stored in character 25 of the register have 
been modified. Character 25 stored on the disc has 


not been modified. In order to make that modification 


another mode of the Type 240 is used. 


This is WRITE TEST IN REGISTER ON DISC. Having 
examined and modified the test taken from 6111 to 
the operator's satisfaction the operator next 
rotates the MODE switch to WRITE TEST IN REGISTER 
ON DISC mode and pushes the START button. At this 
time the Type 240 locates the address listed in 
characters 1, 2 and 3 of the register (in this case 
address 6111), energizes head 6, counts Sector Clock 
pulses until the 111th pulse arrives. It then 
shifts the data from the Shift Register to the Data 
Disc through the Disc Write circuitry of the Data 
Disc mechanism. This will rewrite that sector of 
track 6. This is the only way the original 
information on the disc may be modified. The 
original modification in the Shift Register is not 
enough. 


To prevent accidental modification of data which is 
stored on the disc a WRITE INTERLOCK switch has been 
placed on the front panel of the Type 240 which 
contains a key. If the key is not inserted and 
rotated, turning the MODE switch to WRITE TEST IN 
REGISTER ON DISC will have no effect. The key must 
be installed and rotated to the WRITE position in 
order to change stored data on the disc. 


Another mode is called TRANSFER TAPE SEQUENCE TO 
DISC. This mode will be used when a complete test 


series has been prepared by punching the measurements 


оп a punched tape. In this mode when the START 
button is pressed, the 240 first energizes the Remex 
Tape Reader and loads the first measurement into the 


Shift Register. When loading is completed, (after 48 


characters for a single 240) the Type 240 
automatically switches to the WRITE TEST IN REGISTER 
ON DISC mode and transfers the information in the 
Shift Register to the disc. The tests on the punch 
tape must contain the address information, that is, 
characters 1, 2 and 3 must contain Present Address, 
characters 4, 5 and 6 must contain Next Address. 
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The Type 240 when transferring the information that 
is in the Shift Register to the disc will utilize 
the first three characters of the measurement to 
determine what sector of what track in which to 
write the data. After the information has been 
transferred to the disc the Type 240 again signals 
the tape reader to clock in the next measurement 
sequence. When the Shift Register is loaded the 
data is shifted to the proper sector of the proper 
track of the disc. This continues until the tape 
reader either runs out of tape or no more data 
appears on the tape. 


This last mode along with the TRANSFER TEST ON DISC 
TO TAPE mode makes possible the storing of all test 
data in permanent or hard copy form. A disc could 
be accidentally erased, but unless a tape was 
physically destroyed, no information would be 
permanently lost. At any time information is 
improperly written on the disc or if an entirely 
new set of 1,600 measurements are desired to be 
loaded into the disc the TRANSFER TEST ON TAPE TO 
DISC mode will make possible the rewriting of the 
entire disc or any portion thereof. 


The last mode of the Type 240 is the LOCATE NEXT 
DISC ADDRESS mode. This particular mode will only 
be utilized when the programmer desires to utilize 
the maximum measurement speed capabilities of the 
complete system. Recall the READ TEST SEQUENCE 
FROM DISC mode sequence. When a measurement 
presently stored in the Shift Register has been 
completed the Type 240 by referring to characters 

4, 5 and 6 determines the new address. In order to 
locate the new address, the proper Head Selection 
signals and the Head Change pulse must be generated. 
The sector counter when not in a Load cycle is 
always reset by the Origin pulse and is continuously 
counting sectors. The Next Address number is 
presented to the sector counter enabling it to 
locate that sector. 


Suppose it were possible to determine the next most 
accessible sector after a measurement has been 
completed. Time could be saved by using that sector 
as the next address. The LOCATE NEXT DISC ADDRESS 
mode makes this possible. The advantage here would 
be that rather than having to wait for possibly one 
complete revolution of the disc to locate the next 
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sector, the Type 240 may be able to load the next 

most accessible sector directly into the registers 
without having to wait. Recall that the disc 

revolves at the rate of 1,800 revolutions per minute. 
This makes 30 revolutions per second, therefore a 
complete revolution takes 1/30 of a second or about 

33 milliseconds. This rotation time if added to 
measurement time unnecessarily limits the measurements 
per second rate of the system. 


As an example, suppose that the present measurement 
appears on sector 1 of track 6. When the Load cycle 
begins, the registers are loaded in approximately 
167 microseconds. After the registers are full, the 
Type 230 receives its trigger. The Type 230 may be 
able to complete its measurements in as little as 4 
ms utilizing the high speed options. When the 
measurement is completed and the results are made 
available the disc will have revolved about 24 
sectors. The next sector available after the 
measurement period is ended might be sector 80. If 
a means is provided to determine what the next most 
accessible sector is and the 240 is programmed in 
its Next Address characters (4, 5 and 6) to go to 
that sector, a considerable improvement in 
measurement speed can be obtained. 


The operator first selects the Disc Test Address of 
interest by means of the front panel controls 

using READ TEST FROM DISC mode. Placing the mode 
switch in LOCATE NEXT DISC ADDRESS position and 
SEQUENCE at AUTOMATIC he presses the START button. 
The Type 240 locates the required disc address and 
loads that test in the registers. When the registers 
are loaded the system is signaled to perform the 
measurement called out in that sector. When Gated 
Print Command is received back from the measurement 
portion of the system, the Type 240 immediately 
causes the Read Disc Command line to go low and the 
next sector just going by the heads is loaded into 
the registers. That sector, whatever it is, contains 
its address in the first three characters. The Nixie 
tubes immediately display that address. In this 
special mode however, the left most Nixie which 
usually displays the track number will remain at O0. 
This is to indicate to the operator that should 
sector 76 be the next most accessible sector after 

a measurement is completed, it makes no difference 

on which track sector 76 is used. He may choose 
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sector 76 of any one of the 8 tracks as selection 
of a different head adds no time to the Load cycle. 


Several other controls are present on the front 
panel of the Type 240 which have not been mentioned 
until now. Located to the left of the MODE switch 
is a lever switch labeled SEQUENCE with two 
positions - AUTOMATIC and SINGLE STEP. During 
setup procedure for a test sequence the MODE switch 
may be placed in the READ TEST SEQUENCE FROM DISC 
mode and the SEQUENCE switch placed in a SINGLE 
STEP position. In this case the operator may go 
through a complete Read Test Sequence From Disc 
series one step at a time, that is, with the MODE 
switch in READ TEST SEQUENCE FROM DISC and the 
START button pressed, the 240 locates the first 
address of the sequence by means of the DISC TEST 
ADDRESS dials. It loads that address and stops. 
When the START button is pressed again the 240 
refers to characters 4, 5 and 6, goes to that address, 
loads that address and stops again and so on. The 
operator may check out his sequence series one step 
at a time. In the normal routine of operation the 
sequence progresses so rapidly the operator may be 
unaware that the sequence is improperly programmed 
so as to skip a measurement. 


A number of lights are mounted behind the front 
panel which display certain signs - SEARCH, NOT, 
READY, DISC ERROR and DATA ERROR. The READY sign 
is displayed whenever the registers are loaded and 
the 240 is ready for a cycle. Should the START 
button be pressed in a particular mode and the 240 
not be ready to do that particular job a NOT sign 
will appear immediately above the READY sign 
informing the operator that the 240 is not ready to 
do the desired function. 


An example of this, suppose the operator desires to 
operate in the WRITE TEST IN REGISTER ON DISC mode 
but has not placed the WRITE INTERLOCK switch in 
the WRITE position. Either the key is not 
installed or the key is in the LOCK position. In 
this case, when the START button is pressed the NOT 
READY sign will come on indicating that the 240 is 
not in a condition to WRITE TEST IN REGISTER ON 
DISC. By putting the WRITE INTERLOCK switch in the 
WRITE mode and again pressing the START button the 
READY sign will flicker and the NOT sign will not 
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be displayed. This indicates that the function has 
been performed. In the normal sequence of operation, 
for example, when using READ TEST FROM DISC MODE, 
when the operator presses the START button the READY 
sign goes out and the SEARCH sign comes on. The 
normal Load cycle is so short that for all practical 
purposes the READY sign is seen to blink and the 
normal thermal inertia of the lamps is such that the 
SEARCH sign is never seen to come on. However, 
should something be wrong and the 240 be unable to 
locate the proper address the READY sign goes out 
and the SEARCH sign comes on and remains on. This 
signals the operator that the 240 is in a SEARCH 
mode but is unable to locate the proper address. 


In order to take the 240 out of the Search mode a 
push button labeled STOP is located on the front 
panel of the 240 to the right of the START button. 
If for any reason the 240 is not able to complete 
its cycle and remains in SEARCH, pressing the STOP 
button will in most cases restore the 240 to the 
READY condition. STOP cancels the START button. 


There are two error signs. One is labeled DISC 
ERROR. Should an error occur in loading a 
measurement from the disc the DISC ERROR sign comes 
on. Should a parity error whether from tape or 
disc be detected another sign comes on labeled DATA 
ERROR. When either one of the signs comes on it 
remains on. That is, each is driven by means of a 
FF which is set by the presence of an error signal. 
The FFs will remain in the set condition (with the 
sign on) indefinitely until the operator pushes the 
ERROR LIGHT RESET button on the front panel. 


The fact that a DISC ERROR or DATA ERROR sign is on 
is no indication that the 240 is not operating 
properly. The operator may determine whether or 

not the system is operating properly by looking at 
the SEARCH and READY signs. For example, suppose 

the DATA ERROR and READY signs are on. This means 
that at some time in its cycling the 240 has 
encountered a data error. If operating in the READ 
TEST SEQUENCE FROM DISC mode, recall that when a 

disc error is detected the Load cycle is automatically 
repeated. In effect the 240 is told to try again and 
it keeps trying until it has loaded the address into 
its Shift Registers with no errors. As far as the 
ERROR sign is concerned it will remain on 
indefinitely. The operator may determine whether the 
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240 is operating normally or not by checking for the 
presence of the READY sign. If either of the ERROR 
signs is on and the 240 is in the READY condition, 
the test was successfully completed. 


If, on the other hand, the SEARCH sign remains on, 
then the 240 is locked up in a SEARCH cycle. The 
operator may make an additional check by pressing 
the ERROR LIGHT RESET button. This applies a reset 
signal to the FFs which drive both DATA ERROR and 
DISC ERROR lights. If the error is not repeating 
the lights remain out, however, if the 240 is in a 
continuous SEARCH cycle it is receiving an error 
each time it attempts to load and the ERROR signs 
come back on. Rotating the MODE switch or changing 
the SEQUENCE switch also resets the ERROR signs. 


The Type R250 Auxiliary Program Control Unit is 
nearly identical to the Type 240, that is, it 
contains identical Shift Register and Interface 
cards. The only thing lacking from the R250 is the 
Control Circuitry and Nixie indicators that the 240 
contains. The purpose of the Type R250 is to provide 
an additional 48 characters of Shift Register 
capacity. The 240 may be operated by itself with one 
R250 or with two R250's. Recall that in the case of 
a 240 with two R250's the disc, because of the longer 
sectors required, will contain only 135 sectors per 
track. In this case, the total number of measurements 
which may be stored on a disc is 1,080. A complex 
system utilizing several pulse generators and a 
number of DC power supplies as well as complex 
matrixing facilities in the fixture area may require 
in excess of 500 program lines. Since a 240 contains 
192 program lines and an R250 an additional 192 
program lines a complex system may require a Type 240 
and two Type R250's for a total of 576 lines. 
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THE TYPE 241 PROGRAMMER UNIT 


The Type 241 Programmer is a complete Program Control 
and Memory unit in a single instrument. The 241 is 
available for use with the simplest type of digital 
system. The Memory portion of a Type 241 consists of 
up to 15 wired diode matrix cards. Each of these 
cards is capable of programming a complete measurement. 
The cards provide 173 bits, 159 of which are used to 
completely program all the programmable functions of 
the Type 356 sampling vertical unit, 3T6 sampling time 
base and Type 230 Digital Unit. The additional 14 
bits are unassigned and are available to perform a 
limited amount of external programming. See Fig. 5-1. 


In certain systems, non-programmable vertical and 
time base plug-ins may be used. In which case the 
bits not required for vertical and timing programming 
may be used for external equipment. Each bit when 
made true pulls a line to near ground. When false 
the line is pulled up to about + 12 V. Thus any 
external device which may be programmed in that 
fashion may be used (within the voltage and current 
limitations of the Type 241). Each of the 15 cards 
are accessible from the front panel and may be 
easily removed, rearranged or exchanged with others 
intended for different tests. At any one time 15 
cards may be installed. Should additional tests be 
required, storage area is provided for up to 15 
additional cards. 


Connections to the 230 and Type R568 are made through 
the same connectors which are used when programming 
those units from the 240. Each of the program cards 
may be thought of as a memory. Bits are stored on 
the memory card by inserting diodes (with a special 
tool supplied) into diode clips. Each of the diode 
clips are labeled to permit an operator to program 
the boards without a great deal of special 

training. Typically 15 to 20 diodes will be 

required for a single measurement program. 
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The front panel view of the Type 241 appears in Fig. 
5-1A. The area on the left shows 15 program cards 
installed. The control panel section is on the 
right side of the instrument. TEST MODE is a 3 
position switch. Modes are SINGLE (SELECT TEST), 
MANUAL SEQUENCE (SELECT LAST TEST), and AUTOMATIC 
SEQUENCE (SELECT LAST TEST). To the left of the 
TEST MODE switch are 15 TEST push buttons. Each 
push button has an adjacent lamp which identifies | 
which test card is functional. | 


In the SINGLE SELECT TEST mode when the operator | 
desires to energize any single test card the | 
appropriate TEST button is depressed. The associated 
indicator lamp is illuminated indicating that the 
program card is activated. The operator may manually 
select any one of the program cards installed. 





In the MANUAL SEQUENCE mode the programmer, beginning | 
with test l, activates each test in rotation. A 
front panel READY lamp is on when no test is | 
activated. The sequence begins when the ADVANCE 
button (to the right of TEST MODE) is pressed. 
each test is completed the operator advances the 
sequence by pressing ADVANCE again. The operator 
selects the last test in the sequence by depressing 
the appropriate TEST push button. Suppose that TEST 
6 has been depressed. After pressing the ADVANCE 


After | 
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button six times the sequence will have advanced to от 
TEST 6. Pressing the ADVANCE button again causes cable 
the test sequence to revert to the READY status. connectors 
In AUTOMATIC SEQUENCE mode a similar sequence of 

operations takes place except that once the ADVANCE 

button is depressed the sequencing from one test to 

the next is automatically controlled by internal 

circuitry in the Type 241. In AUTOMATIC SEQUENCE 

mode the operator may cause the sequence to stop at 

any time the results of a measurement are indicated vertical 
as: ABOVE the programmed UPPER LIMIT in the Type 230, choppers 


WITHIN the LIMITS or BELOW the LOWER LIMIT | 
programmed in the 230. This is done by the 3 STOP 
SEQUENCE switches located below TEST MODE. The a 
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lamps located to the right of each STOP SEQUENCE 
button are controlled from the Type 230. When the 
Type 230 displays a red light on its front panel 
the Type 241 ABOVE UPPER LIMIT lamp is illuminated. 
ABOVE UPPER LIMIT is red, WITHIN LIMITS is a green 
lamp and BELOW LOWER LIMIT is an amber lamp to 
agree with the lamp colors used on the front panel 
of the Type 230. 


The RESET button located just below the ADVANCE 
button is pressed to reset the sequence back to the 
first test at any desired time. 


No on-off switch has been provided for the Type 241 
as it has no power supplies of its own and is 
completely dependent upon the Type 230 for all 
operating voltages. 


The READY sign located just above the ADVANCE 

button when illuminated indicates that the Type 230 
and Type 3T6 have their MODE switches placed in 
EXTERNAL PROGRAM position. When a program is 
activated in the Type 241 the READY sign extinguishes 
except when operating in SINGLE SELECT TEST mode. 
When either the Type 230 or the Type 3T6 are 
programmed from their own front panels the lamp 
remains off. 


A rear panel view of the Type 241 appears in Fig. 
5-1B. The four connectors J 201, 202, 203 and 204 
are program cable connectors to the Type 230. J 214 
connects to J 214 on the Type R568 and conducts the 
program bits to the Type 3S6 sampling vertical. 

J 224 connects to J 224 on the back of the Type R568 
and conducts program bits to the Type 386 sampling 
time base. J 303 provides a connection to the spare 
program lines and external control lines for the 
Type 241. 


When vertical choppers are being used with the 


‘sampling units in the fixture area, the A and B 


Chop Drive signals generated in the Type 230 are 
conducted to the Type 241 and routed through J 303 
to provide the chopper with access to the drive 
signals. 
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241 PROGRAM CARD INFORMATION 








385 OR 386 SAMPLING UNITS 


CENTER SCREEN VOLTAGE 
(mV OFFSET) 
SELECT + OR - POLARITY 
THEN USE 8-4-2-1 BCD 
TO SELECT O TO 995mV 
IN 5mV INCREMENTS 



















TIME/DIV Tox DELAY RANGES AND DELAY INCREMENTS 
100ps TO 500ps 1 х 10710 то 5 x 1079 0 TO 999.9ns --- O.Ins INCREMENTS 
me To- Ts 1X 1077. TO 1 x 108 О ТО 999915 --- 1.0пз INCREMENTS 
ous" TO 500us 2x109 105 x 10^ 0 TO 999.9ns --- 0.1из INCREMENTS 
Е 1 


ims TO 500ms 1 X 10 TO 5 X 10 NO DELAY --- REAL TIME SAMPLING ONLY 


USE 4-2-1 CODE TO SELECT T (COMBINATIONS 1, 2, OR 5 ONLY) 
USE 8-4-2-1 BCD TO SELECT E (COMBINATIONS 1 THROUGH 9, 10 IS OBTAINED BY PROGRAMMING 0) 
USE 8-4-2-1 BCD TO SELECT O THROUGH 9999 DELAY INCREMENTS 












230 DIGITAL UNIT 


LEAVE PEAK 4 AND PEAK 2 BOTH FALSE (NO DIODES) TO SELECT 
0.5ст WIDTH (AVERAGE LEVEL). PROGRAM BOTH PEAK 4 AND 





Ae PERENE CONES PEAK 2 TRUE TO SELECT 10cm WIDTH (NEGATIVE PEAK OR POSITIVE 
PEAK LEVEL). 
SELECT ONLY ONE OF THE FOLLOWING FOR THE START COMPARATOR AND 
CONES SOR sel: AND ONLY ONE FOR THE STOP COMPARATOR: HOR mm, %, OR mm 
AND STOP 
BELOW. 
SELECT 0 THROUGH 9, 90, OR 900 INCREMENTS FOR EACH DECADE. 
LIMITS PROGRAM UPPER AND LOWER LIMITS EACH UP TO A MAXIMUM OF 
+ OR -3999. 





230 DIGITAL UNIT BASIC VOLTAGE MEASUREMENTS 


SELECT VOLTS. SELECT ZONE POSITIONS. SELECT CH B (A) FOR START COMPARATOR 
(NO OTHER DIODES ARE NEEDED IN STOP COLUMN). SELECT SAME VERTICAL CHANNEL 

AND SELECT REF FROM 100% FOR STOP COMPARATOR (NO OTHER DIODES ARE NEEDED IN 
STOP COLUMN). 


Fig. 5-2B. Type 241 program card special rules and 
truth tables. 




















board 
layout 


remote 
advance 
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The board layout is such as to minimize confusion 
on the part of the programmer. On the left edge of 
the board the Type 3S6 vertical programming is 
accomplished. The extreme left row programs channel 
A sensitivity, A offset and A and B smoothing. Pins 
3, ^ and 5 are spares. Throughout this card a 
function indicated within brackets is the normal 
function for that bit. If a diode is inserted the 
other function is programmed. For example with no 
diode in the SMOOTH position the function is 
automatically NORMAL. A truth table for A vertical 
sensitivity for bits 4, 2 and 1 appears in Fig. 5-2B. 
Note that any combination is allowable except 100. 


The row labeled B Sensitivity is exactly the same 
as A Sensitivity. The third and fourth rows to the 
right program the 3T5 and 3T6 Sampling Sweep Units. 
Equivalent time/division is programmed in the 
SEC/DIV row. T x 10 - E is programmed in the first 
group of 4 bits. Note that bits are available for 
E= 8, 4, 2 and 1. If no bits are programmed the E 
is automatically 10. Three bits below that program 
the multiplier. Fig. 5-2B contains program rules 
for this row. Pins 9, 10, 11, 12, 13, 14, 15 and 
16 are spare bits. The DELAY column programs the 
exact amount of trigger delay desired. Fig. 5-2B 
shows the increments of delay as a function of 
time/division. The fifth and sixth columns program 
the Type 230 A and B 0% to 100% zones. 


Column seven programs the START COMPARATOR mode and 
OFFSET. Column eight provides the same functions 
for the STOP COMPARATOR. Columns nine and ten 
program the UPPER and LOWER LIMITS. For a 
discussion of the programming of the Type 3S6 and 
3T6 refer to Chapter 7. Programming of the Type 
230 is discussed in Chapter 8. 


Columns 1, 2 and 3 of the 14 spare bits located in 
the program card may be utilized to program any 
desired external device. J 303 also contains 
several program functions for the Type 241 itself. 
One is a remote advance. That is, when the 241 is 
operated in the MANUAL or AUTOMATIC SEQUENCE mode, 
the beginning of the sequence or the change from 
one program to the next may be performed by an 
external ground closure to pin 1 of J 303. The 
reset function may also be operated remotely. A 
remote switch closure to pin 2 of J 303 accomplishes 
the same thing as the remote reset button. 
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diode 
grounding 


automatic 
sequence 


All diodes on a card connect to a common ground on 
the card. A program card is enabled by grounding 
one and only one of the card common ground lines. 
When operating in the SINGLE TEST position pressing 
the TEST button for the associated card performs 
that grounding. When in one of the SEQUENCE modes 
the sequencing circuitry provides one and only one 
ground at a time to the card common ground lines. 


See Fig. 5-3 a simplified block diagram for the 
Type 241. The program cards are indicated on the 
right hand side of the diagram numbered 1 to 15. 
The program ground for each card is connected from 
the Hexadecimal Decoder. The Decoder accepts the 4 
line input and provides one and only one ground to 
a card at a time. When operating in AUTOMATIC 
SEQUENCE mode the sequence of events is as follows: 
the Hexadecimal Counter will be in the 0 state. 

The Hexadecimal Decoder will be applying a ground 
at the O output. The O0 output does not provide a 
ground to a program card. Instead it provides a 
ground to the front panel READY sign which is 
illuminated to indicate that no tests are under way 
at the present time. 


Pressing the ADVANCE button initiates a test 
sequence. The signal from the ADVANCE button is 
applied to the Sequence gate which in turn drives 
the Counter Circuit and provides a - trigger to the 
Type 230. The Counter advances from О to 1. The 
4-line output is decoded by the Hexidecimal Decoder 
and the 1-line now has a ground. The front panel 
ACTIVE 1 lamp is illuminated indicating that program 
1 is enabled. The test programmed on Test Card 1 is 
performed. After the measurement is completed the 
Type 230 Digital Unit generates a signal called 230 
Print Command signalling that the measurement is 
completed. 230 Print Command couples to the Stop 
gate. Unless one of the STOP SEQUENCE switches is 
thrown Print Command passes through the Stop gate 
and is applied to the Sequence gate. The output of 
the Sequence gate advances the Counter another 
count enabling program 2 and again triggering the 
Type 230. The ACTIVE 2 lamp comes on. The 230 
makes the second measurement and again returns 230 
Print Command. The Print Command passes through 
the Stop gate and Sequence gate and advances the 
Counter to the third count, etc. 


Saree dto 


serene eee НТ 


HORS ertt 


| 
| 
| 
| 
| 
| 
I 
i 
| 
| 





ending 
sequence 


63 


The sequence will continue normally until test 15 

is reached. After test 15 is performed 230 Print 
Command passing through Stop gate and Sequence gate 
advances the Hexadecimal Counter back to the O 

state. At that time the READY sign again illuminates 
and a line coupled from that output back through the 
Print Command Inhibit block inhibits the 230 Print 
Command. This stops the sequence. The READY sign 
will remain illuminated until the manual ADVANCE 
button is pressed again. 


+12V 
READY LAMP 


©) 


+12V 


READY 


PROGRAM 
A CARDS 
















REMOTE 
ADVANCE 


MANUAL 
ADVANCE 


MINUS TRIGGER 
TO TYPE 230 






PRINT 
COMMAND 
INHIBIT 


230 
PRINT O 
COMMAND 


HEXADEC IMAL 
(+16) 
COUNTER 


STOP 
SEQUENCE 
SWITCHES 


READ 
RED 
READ 
GREEN 
READ 
YELLOW 





REMOTE 
RESET 


AUTO RESET 


Fig. 5-3. Simplified block diagram -- Type 241. 
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| The function of the STOP SEQUENCE switches may be 
| utilized when it is desired to reject or select 
devices on the basis of the response to the limits 
whether above, below or within limits. 


In the AUTOMATIC SEQUENCE mode the sequence may be 
stopped at any time by means of the manual RESET 
button or by grounding the Remote Reset line. 
Either one of these signals activates Counter Reset, When operating in MANUAL SEQUENCE mode the output 
immediately resetting the counter back to 0, | of the Stop gate is inhibited by a contact on the 
illuminating the READY sign and applying the Print TEST MODE switch. In that case the only way in 
Command Inhibit. which the Counter can be advanced from one 
measurement to the next is by pressing the manual 
ADVANCE button or generating a remote advance 





The normal sequence will be from program 1 to 


program 15. However, the operator may end a | ground. 
manually sequence at any one of the measurements between 2 
ending and 15 by pressing the front panel TEST switch When in SINGLE TEST mode all of the automatic 
sequence corresponding to that test. The switch contacts circuitry is disabled. The program cards are 

are shown on the simplified block diagram. Assume | single test enabled by pressing the associated TEST switch on 


that the button for test 8 has been pressed. In the front panel; A contact onm each switch (Hot 





that case the Auto Reset line will receive a 
ground as test 9 becomes enabled after test 8. 
That ground coupled back to the Reset gate resets 
the Counter to O at that point. Thus the sequence 
will have ended after 8 measurements. 


An automatic sequence may be initiated by the manual 
ADVANCE button or by a Remote Advance switch closure 
to ground as indicated on the block diagram. In 
addition the Counter may be reset at any point in a 
test from a remote position. 


When operating in AUTOMATIC SEQUENCE mode the Read 
Red, Read Green and Read Yellow limits lines couple 
from the 230 to the Type 241. One of these signal 
lines goes to O0 V after each measurement. Тһе 
operator may cause the sequence to stop automatically 
whenever a red, a green or a yellow light is 
illuminated by pressing one of the STOP SEQUENCE 
switches indicated in the block diagram. Assume 
that the STOP RED switch is depressed and that the 
241 is operating in AUTOMATIC SEQUENCE. All 
measurements indicate Green (within limits) until 
test 6 is reached. When the results of test 6 are 
received the Read Red line goes to 0 V. This O V 
level couples through to the Stop gate and inhibits 
the Print Command. Print Command does not pass 
through to the Sequence gate and does not advance 
the Counter. Thus the test stops and holds at test 
6. 





ть inim n 











shown in the simplified block diagram) provides a 
ground to the common ground line for each program 
card. For example, pressing test switch 4 ground 
the line entering block 4 in the diagram 
illuminating ACTIVE lamp 4 to indicate what test 
is active. When operating in SINGLE TEST mode the 
Type 230 should have its TRIGGERED MEASUREMENT 
switch set to OFF so that the Type 230 will 
continuously remake the measurement programmed by 
the selected program card. If the Type 230 
TRIGGER MEASUREMENT switch is set to ON then the 
front panel ADVANCE button of the Type 241 must be 
pressed to generate a trigger for the Type 230. 
Unless this is done the Type 230 remains in the 
triggered mode and will not make the measurements 
programmed by the selected program card. 


The Type 241 is a basic Program Control and Memory 
unit. It provides limited automatic measurement 
capability when operating in AUTOMATIC SEQUENCE 
mode. The measurement rate is determined primarily 
by the maximum measuring rate of the system which 
can reach 100 measurements or more per second. The 
Type 241 is designed to be used only in the 
simplest Tektronix systems of the Type S3010 series. 
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Fig. 6-1. 
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Displaying input waveforms by means of 
the sampling technique. 
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REVIEW OF SAMPLING THEORY 


The general need for sampling systems is caused by 
the normal gain-bandwidth limitations of amplifiers. 
The state of the electronic art has not advanced to 
the point where fractional-nanosecond low-level 
signals can be displayed directly. A sampling system 
looks at a small portion of a waveform, remembers 
the amplitude for as long as desired, and presents a 
display of the instantaneous amplitude, all without 
amplifying the signal directly. It looks at the 
waveform again slightly later in time, presents a 
new portion of the display, and ultimately shows a 
complete display in reconstructed form. 


Fig. 6-1 illustrates the reconstruction of a 
repetitive square wave, showing that the CRT display 
is a series of dots rather than the normal 


' oscilloscope continuous presentation. In the 


illustration, a series of sampling pulses is 
superimposed on the input waveforms. The pulse 
samples, and not the actual input signal, are 
displayed by the oscilloscope. At the peak of each 
sampling pulse the CRT of the oscilloscope is 
unblanked and a spot appears. A large number of 
such spots form the display. The number of dots in 
a display is generally variable between 100 and 
1,000. 


The sampling oscilloscope operates from repetitive 
signals, although not necessarily signals with a 
constant repetition rate. A small portion of each 
cycle of the signal is measured and a dot is 
displayed which indicates the amplitude of the 
sampled portion of the signal. The dot is 
horizontally positioned proportional to the point 
in time-space sampled. 
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memory 


samp | ing 
gate 


Sampling systems (and conventional oscilloscopes) 
have a maximum operating repetition rate. Signals 
below this rate may have considerable repetition 

rate jitter and still be presented without 
appreciable display jitter. Signals above the 
maximum repetition rate will be "counted down". 

Only those repetitions occurring after the sampling 
system recovery will be displayed. Since the signals 
are repetitive in character, the missed cycles are of 
no significance (as in conventional oscilloscopes). 


Ihe Types 356 апа 3T6 form an Error-sampled Feedback 
system. The sampling circuitry employs a sample and 
hold Memory that remembers the amplitude of the last 
sample. A transition is made only when there is a 
change in the signal or a drift in the system. This 
sampling system looks at the incoming signal, 
remembers it, and then only has to make a display 
correction for the next sample. The system can also 
be described as a Slide-back Feed-back Sampling 
system with holding Memory (See Fig. 6-2). The 
Memory is not reset to zero with each sample. The 
display is blanked during the time of transition 


. from one sample to the next. 


The input circuit of the Slide-back Feed-back 
Sampling system is presented in simplified form in 
Fig. 6-3. The Sampling Gate is held reverse biased 
except during the short interrogate pulse duration. 
Reverse biasing the gate prevents the signal from 
being passed to the first amplifier. Since the 
Sampling Gate is a balanced system, the interrogate 
pulse forward biases the gate and permits the signal 
to pass, without the amplifier or input system seeing 
the pulse. 
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i 1.0 
| FEEDBACK 
0 | 


Fig. 6-2. Tektronix slide-back feedback sampling 
system. 
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BRIDGE 
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TERMINATION 
RESISTANCE 


UNT M 






REVERSE 
BIAS 


LEVEL ATTENUATOR TO 


VERTICAL AMPLIFIER = 


BRIDGE 


SALAM REVERSE BIAS NETWORK 


STROBE 
PULSE 
GENERATOR 





Fig. 6-3. Simplified diagram, showing how the strobe 
pulse causes the sampling bridge to conduct. 
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Fig. 6-4. 50-2 sampling input equivalent circuit. 


When the Sampling Gate passes the signal, Cl starts 
to charge. Cl charges to a fraction (such as 107) 
of the difference between the signal and feedback 
voltages at the time of a sample. Fig. 6-4 is an 
equivalent circuit of the sampling input at the 
time the gate is forward biased. Cl is stray 
capacity and input capacity at the grid of the input 
amplifier. The equivalent circuit shows a group of 
impedances in series. The impulse speed of the 
equivalent circuit is slower than the interrogate 
time, thus the input signal cannot be fully 
impressed upon the amplifier grid. Since only 107 
of the difference signal appears at the amplifier 
input, the system is said to have a 10% sampling 
efficiency. The Amplifier and Memory circuits of 
Fig. 6-3 make up the difference in signal amplitude 
and feed back the correct voltage so the input bridge 
and Cl rest at the value of the signal during 
interrogation. By applying feedback to the bridge, 
the error signal is kept to a reasonable minimum, 
thus keeping the interrogate pulse kickback into 
the input cable very small. 


Fig. 6-5 illustrates how the sampling input amplitude 
is brought up to the true value of the input signal 
by the Amplifier and Memory circuits. The Memory 
Gate connects the Memory circuit only long enough to 
respond to the amplified 105 sample signal, then 
disconnects it. This prevents the Memory from also 
responding to its own feedback signal. 


The following explains the signal and feedback 
voltages for six samples along the rise of a step 
waveform in Fig. 6-5. 














ССОРЕ 
operation 


73 


Sample number 1. The voltage at Cl and the input 
are equal, so the system voltage remains at zero. 


Sample number 2. The input voltage equals 0.1 volt. 
Cl charges to 10% of the difference between the 
input voltage and the voltage at Cl or 0.01 V. Then 
the feedback brings the voltage up to the input 
voltage true value of 0.1 V (0.01 V X 102 O.1 V 
input which is fed back). 


Sample number 3. The voltage difference between the 
input voltage of 0.45 volt and Cl is 0.35 V. Again 

the charge of Cl changes 10% of the difference, and 

=. feedback raises the voltage of Cl from 0.1 V to 

0.45 V. 


This process continues until sample number 7. (Not 
shown here) There is no change in input voltage 
between sample number 6 and sample number Ta 
therefore, there is no difference between the charge 
of Cl and the sampled voltage. The system remains 
at a constant voltage. 


CHARGE LEVEL IN C1 DUE TO 
FEEDBACK FROM MEMORY 
1 VOLT — 


| И 
Д у | / T | 
SAMPLING GATE | | 
(STROBE) PULSES i : 
PULSES 


CRT BLANKING | 


PULSES 
CRT BLANKED —= "xi 
DI 


SPLAY TIME (TIME DURING 
WHICH A DOT IS DISPLAYED) 


REPETITIVE 
INPUT SIGNAL 


Fig. 6-5. Simplified representation of an error- 
sampled ratchet-memory waveform. 
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interrogate 
pulse 


loop gain 


sampling 
density 


The length of time a sampling bridge is forward 
biased and connects the signal to Cl directly 
controls the minimum pulse risetime a sampling system 
can display. The duration of the bridge forward bias 
is controlled by the length of time the interrogate 
pulse breaks through the reverse bias. Thus sampling 
systems use special circuitry to make the interrogate 
pulse duration as short as is consistent with noise 
and diode recovery time. The interrogate pulse in 
some Tektronix Slide-back Feed-back Sampling systems 


is produced by a snap-off diode and a short clip-line. 


The effective pulse duration is then adjusted by 
controlling the peak value of the pulse that is 
allowed to forward bias the Sampling Gate. Fig. 6-3 
shows graphically how the interrogate pulse breaks 
through the Sampling Gate reverse bias. The reverse 
bias voltage is shown by dashed lines through the 
interrogate pulses. The sampling time is altered by 
changing the reverse bias on the sampling diodes. 


Loop gain refers to the product of the sampling 
efficiency and the Amplifier and Memory gains. The 
loop gain equals 1 when the voltage of Cl (Fig. 6-3), 
after Memory feedback, is equal to the sampled 
voltage. The loop gain of a closed-loop sampling 
system can be altered by changing the input 
amplifier gain, the duration of the interrogate 
pulse, or the input impedance into the Sampling 

Gate. Changing the latter two alters the sampling 
efficiency and thus the loop gain. 


The number of samples taken per unit equivalent time 
is called the sampling density. For example: when 
the sweep rate is 10 nsec/div and when taking 100 
samples per division, the equivalent time interval 
between dots is 0.1 nsec. This permits the system 
to measure time by counting the number of dots, 

such as is done by a digital unit. 
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dot response Dot response is a visual display of the ability of 


(loop gain) 


a system to reduce the error voltage to zero after 
each sample. When the gain of the Memory feedback 
loop is equal to (and compensates for) the 
attenuation across the Sampling Bridge, the loop 
gain is unity or 1. In this case, the Memory 
feedback voltage equals the value of sampling-time 
Signal voltage. 


If the loop gain is less than unity, the Memory 
output signal and feedback to the first amplifier 
is less than necessary to reduce the error voltage 
to zero. The Memory output and the feedback will 
then approach the signal asymptotically after 
several samples have been taken. The error voltage 
thus approaches zero (for a steady state signal) 
after several samples, being reduced by the same 
factor after each sample. In the case of a loop 
gain of less than unity, the feedback voltage is 


effectively a moving average of several preceding 
samples. 


If the loop gain is greater than unity, the 
feedback voltage will be greater than the error 
Signal after each sample. The displayed dot 
sequence of a step signal will then alternately 
overshoot and undershoot for a few samples. For 
least displayed waveform distortion the loop gain 
must be unity, allowing the system to track the 
input signal as, closely as possible. 
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Fig. 6-6. Equivalent-time display with and without 
smoothing for two different sampling 
densities. 


A loop gain of less than unity can be useful, if 
the resulting compromise is understood and the 
system is operated properly. Random noise in the 
display is reduced when loop gain is less than 
unity, since several consecutive samples are 
averaged. The averaging may also slow down the 
fastest display risetime capability, depending upon 
the number of dots contained in the step transition 
and/or the loop gain. By increasing the number of 
dots in a step transition, the display will follow 
the actual step transition more closely. Fig. 6-6 
shows the usual effects on a step display when 
smoothing is used for two different sampling 
densities (sampling density or dot density is the 
number of samples or dots per horizontal division). 


In the Type 3S6 the operational choice of loop gain 
is either 1.0 (NORMAL) or 0.3 (SMOOTH). In Fig. 
6-6A the actual risetime (between the 10% and 90% 
points) for unity loop gain displays 4 dots. When 
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operating at 0.3 loop gain, 7 dots are shown. 

There is a significant difference between the 0.3 
loop gain (SMOOTH) and the unity loop gain (NORMAL) 
displays. In Fig. 6-6B the sampling density is 
increased, showing a difference of one sample in 
the SMOOTH and NORMAL positions between the 10% and 
90% points of this step transition. 


When the SMOOTH mode has a loop gain of 0.3, as in 
the Type 356, 15 ог more samples between the 10% 
and 90% points of a risetime will result in the 
smoothed and unsmoothed displays having essentially 
the same risetime. When the smoothed display 
contains 12 samples between the 10% and 90% points, 
the smoothed risetime will be about 6% longer than 
for the unsmoothed display. As the number of 
samples contained in the risetime is reduced below 
12, the difference between smoothed and unsmoothed 
displays goes up rapidly. 


When the loop gain is reduced to 0.3, the displayed 
dots represent the average of several consecutive 
samples. Noise of a random nature will be 
materially reduced in the display at the possible 
expense of introducing an error in the displayed 
risetime. Therefore, if random noise is apparent, 
reducing loop gain may improve the display. Note 
that this is only true for random noise. Systematic 
noise (noise with its repetition rate harmonically 
related to the signal) is treated as part of the 
signal. 


The two terms display sensitivity and deflection 
factor are often mistakenly interchanged. Deflection 
factor is defined as the ratio of the input signal 
amplitude to the resultant displacement of the 
indicating spot. When the oscilloscope vertical gain 
control is calibrated in volts per division, it is 
indicating deflection factor. Deflection sensitivity 
is the reciprocal of deflection factor. sensitivity 
is indicated by a vertical gain control calibrated in 
divisions per volt. 
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There is always some point within the oscilloscope 
vertical amplifier after which the signal remains at 
a fixed deflection factor. The signal out of the 
vertical Memory Amplifier of a sampling oscilloscope 
is usually the first point at which the standard 
vertical deflection signal exists. Thus, the 
Memory and Feedback voltages previously mentioned 
always deflect the CRT spot vertically with a fixed 
deflection factor. 


Fig. 6-7A shows a simplified block diagram of a 
Bridge and Amplifier combination where the gain of 
the Amplifier just compensates for the attenuation 
of the Sampling Bridge. In Fig. 6-7B the Amplifier 
has twice as much gain as is necessary to compensate 
for the low sampling efficiency. By introducing a 
2:1 attenuator in the feedback path between the 
Memory output and the Bridge output, the loop gain 
is still maintained at unity. Now, only half as 
much input signal produces the same Memory output as 
in Fig. 6-7A. 


Fig. 6-7 shows two fixed attenuators in each example. 


The usual method of changing Amplifier and Memory 
gain in a sampling unit is to attenuate the signal 
through (or to) it. The attenuator in series with 
the Amplifier and Memory is called the Forward 
Attenuator, in contrast to the Feedback or Reverse 
Attenuator. 


The attenuators in Fig. 6-7 and Fig. 6-8 show that 
both the "forward gain" and the "feedback 
attenuation" are altered when changing a sampling 
system vertical deflection factor. 


The system deflection factor can be altered two 
ways: 1) by changing both the forward and the 
feedback attenuation and thereby maintaining the 
same loop gain, and 2) by changing only the 
feedback attenuation, at the expense of varying the 
loop gain. If loop gain is not greater than unity, 
and many samples are included in a signal 
transition, the Memory feedback to the Sampling 
Bridge always approaches the signal amplitude, 
regardless of the forward attenuator attenuation 
ratio. 
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Fig. 6-7. Method of decreasing the vertical 


deflection factor while maintaining unity 
loop gain. 
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Fig. 6-8. Method of adding a DC offset voltage to 
the memory feedback. 
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Since loop gain is determined by the combined 
forward and feedback attenuation ratios, the loop 
gain can be altered without altering the deflection 
factor by changing the forward attenuation only. 
Increasing the forward attenuation ratio (decreasing 
the Amplifier and Memory gain) "smooths" the display 
by making the loop gain less than unity. 


Since the Sampling Bridge can operate over a range 
of +2 to -2 volts of input signal, and the system 
has resolution capability of 2 mV/div, it is 
advantageous to be able to display a small vertical 
"window" of the input signal. Fig. 6-8 shows the 
method of adding DC offset voltage to the Memory 
feedback. The error signal produced at sampling 
time is no longer referenced to ground. Instead, 
it is referenced to the DC Offset voltage. 


A DC Offset voltage is recognized as a signal by 
the Sampling Bridge, algebraically adding it to the 
error signal. Therefore, the Memory feedback signal 
in a system with DC Offset includes a DC value to 
cancel the DC Offset voltage at the output side of 
the Sampling Bridge. The deflection factor of a 
system with DC Offset is centered around the DC 
Offset voltage instead of ground. This permits 
portions of the signal (other than ground) to be 
positioned to the CRT center, without altering the 
deflection factor. 


Sampling system input circuits range from 50 ohm 
coaxial to high-impedance probes. Each has its own 
advantages, and none is best for all applications. 
Attenuator probes currently available for 50 ohm 
sampling systems include both passive and active 
types having input characteristics ranging from 500 
ohms and 0.8 pf capacitance, to 10 megohms at DC 
and 1.3 to 3.6 pf capacitance. 


Miniature probes for direct sampling systems have 
less obvious limitations than passive and active 
probes. Signal generator impedance can affect the 
direct sampling probe by altering the system loop 
gain. This however, need not be a great problem 
since nanosecond circuits rarely exist in high- 
impedance form. Source impedance sensitivity is 
usually no problem in Tektronix slide-back 
feedback sampling systems that have the ability to 
operate with a high sampling density. The S-3 
Probe is rendered insensitive to source impedance 
changes by special design. 
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The Tektronix S-3 Direct Sampling Probe can be used 
to signal trace directly within a test circuit or 
can be inserted into special chassis or coaxial 
fittings. 


The $-3 Probe can be compared with any standard 
oscilloscope probe. The bandwidth (risetime) is 
limited by internal circuitry, and by the source 
resistance--input capacitance time constant. The 
S-3 input resistance is 100K at low frequencies, 
with a quite low (nominally 2 pf) input capacitance, 
allowing very fast response to low-impedance 
signals. 


The major difference between the S-3 and standard 
attenuator probe is the sampling circuit. A small 
signal is sent out of the probe tip to the signal 
source at each sample. This can be reduced by a 
factor of ten or 100 by using the 10X or 100X 
Attenuator supplied. 


The following discussion about sampling horizontal 
(timing) outlines the systems 3S6 and 3T6 units. 


To recreate a waveform using sampling techniques, 
samples must be taken over the entire waveform. 
Taking a sample of the leading edge of the waveform 
is easy; a trigger circuit is used to trip an 
Interrogate (Strobe) Pulse Generator directly. A 
block diagram of this system is shown in Fig. 6-9. 


In practice, the system represented by Fig. 6-9 
would not be able to sample on the very front of 
the waveform, because of the finite time delay in 
the Trigger and Strobe Generator circuits. 
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Fig. 6-9. Simple trigger system. 
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Fig. 6-11. Trigger circuit that can 'look' at leading 
or middle of a waveform. 
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Fig. 6-12. Block diagram of a delayed trigger circuit. 
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Sampling on the leading edge of a step signal 
requires that a trigger arrive at the Sampling 
Trigger Circuit before the leading edge of the 
signal. Such a trigger signal is called a 
pretrigger. The pretrigger must arrive 40 to 50 

ns ahead of the step signal. The signal generators 
used in Tektronix Systems provide a pretrigger. 
Therefore, the diagram of Fig. 6-9 is modified to 
that of Fig. 6-10. 


Although the system represented by Fig. 6-10 would 
be able to sample on the leading edge of an 
incoming waveform, it probably would not be able to 
sample in the middle of the waveform or at the 
trailing edge. Practical trigger circuits can 
generally "recognize" only the leading edge (or 
transition) of a waveform. In order to sample in 
the middle of the waveform, a time delay must be 
inserted between the Trigger circuit and the Strobe 
Generator. 


Since long-time delays may be necessary (up to a 
millisecond), and since the delay should be 
continuously variable, an electronic delay is 

used. The Strobe Generator is now tripped by the 
Delayed Trigger output of the Variable Delay 
circuit. If a sufficient range of delay is 
available, samples may now be taken over the entire 
waveform. See Fig. 6-11. 


Functionally, the Variable Delay circuit is 
identical to the Delayed Trigger Pick-off in the 
Tektronix Type 535 Oscilloscope. The Trigger 
circuit recognizes the incoming waveform and 
initiates a voltage ramp or sweep. The voltage 

ramp is fed into a comparison circuit, or Comparator 
along with a DC voltage. When the ramp reaches the 
level of the DC voltage, the Comparator puts out a 
trigger pulse called the Delayed Trigger. The time 
delay between the trigger input and the Delayed 
Trigger output may be changed by varying either the 
DC voltage or the slope of the ramp. Usually the DC 
voltage is changed to obtain a vernier delay, and 
the slope of the ramp is changed to change the range 
of the vernier. A block diagram of the Delayed 
Trigger circuit is shown in Fig. 6-12. 
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The delays needed in sampling systems are generally 
much shorter than those available from the Delayed 
Trigger of a Type 535; therefore, the circuitry is 
different. However, a voltage ramp, now called the 
Fast Ramp or Slewing Ramp, is still compared to a 
variable DC voltage to obtain the variable time 
delay needed to sample along the full length of a 
waveform. The sampling system block diagram now 
takes the form of Fig. 6-13. 


If the DC voltage in Fig. 6-13 is increased each 
time a sample is taken, comparison will take place 
progressively further along the Slewing Ramp. Thus, 
there is a progressive increase in the time delay 
between trigger recognition and sampling. This 
causes each sample to be taken on a different part 
of the incoming signal. 


A complete sampling system, therefore, includes an 
incremental voltage-advancing circuit or Staircase 
Generator. The Staircase Generator is made to 
advance one increment immediately after each sample 
is taken, by feeding the Delayed Trigger output of 
the Comparator into the Staircase Generator. Ву 
advancing the Staircase immediately after a sample 
is taken, the Staircase Generator is given the 
maximum time to reach its new DC level before the 
next Slewing Ramp arrives. Substituting a Staircase 
Generator for the variable DC voltage, the block 
diagram changes to Fig. 6-14. 


The real time spacing is determined only by the 
repetition rate of the signal (up to the maximum 
sampling rate of the oscilloscope). The equivalent 
time spacing is determined only by the Slewing Ramp 
slope and the amplitude of each stairstep. 
Therefore, the equivalent time of a sampling display 
is independent of the real time of the display and 
vice-versa. 


If the Slewing Ramp is a linear voltage/time ramp 
and if the stairstep is advanced in uniform 
increments, the spacing of the samples along the 
incoming signal will be uniform in equivalent time. 
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Fig. 6-13. Addition of a variable trigger circuit 
that allows triggering to progress along 
Signal waveform. 
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Fig. 6-14. An automatic variable trigger circuit. 
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Fig. 6-15. Real time and equivalent time relationship. 
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Completed block diagram of the Tektronix 


Fig. 6-16. 
slide-back feedback sampling systems. 
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Fig. 6-17. Fast ramp waveform that will produce an 
equivalent time per sample of 1 nanosecond. 
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To understand the meaning of equivalent time, 
consider the following case: Recreate a repetitive 
pulse 12 nanoseconds wide by taking 12 samples, one 
sample per incoming signal. In this case, the real 
time between successive samples depends on the 
repetition rate of the signal. However, by using 

12 samples to reconstruct a picture of the waveform, 
we are in effect pretending that all of the samples 
were taken on one pulse. If this were true, the 
time between samples would be only 1 nanosecond (12 
samples along the 12 nanosecond pulse). This is the 
equivalent time between samples. See Fig. 6-15. 


To reconstruct a signal, the samples must be spaced 
horizontally in the proper time sequence. This is 
done by feeding the Stairstep into the Horizontal 
Amplfier so that the trace moves one increment 
horizontally as each sample is taken. The 
relationship between the increment of horizontal 
distance per sample and the equivalent time per 
sample will determine the (equivalent) sweep 
time/div. Adding this function, the block diagram 
becomes that of Fig. 6-16. 


To take a specific example, suppose that the 
amplitude of a staircase going into the Comparator 
is 50 mV/step, where one step equals one sample. 

If the Fast Ramp rises 50 mV/ns, the equivalent time 
per sample will be 1 nanosecond. 


See Fig. 6-17. To adjust the gain of the Horizontal 
Amplifier so that each step advances the trace 
horizontally 1 millimeter, 10 samples (at an 
equivalent time per sample of 1 nanosecond) will be 
required per cm; the sweep time/cm, therefore, will 
be 10 nanoseconds. In other words, the (equivalent) 
time per sample, times the number of samples per 
division, equals the (equivalent) time per division: 


(Time/sample) (Samples/div) = Time/div. 


Returning to the specific example, leave the Slewing 
Ramp and the horizontal gain unchanged, but change 
the amplitude of each stairstep from 50 mV to 100 

mV. This will result in a horizontal step of 2 
mn/sample or 5 sample/cm. The equivalent time/sample 
will increase from 1 nanosecond to 2 nanoseconds. 

The resulting time/cm may now be calculated: 


(2 ns/sample) (5 samples/cm) = 10 ns/cm. 
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| step per sample, so that the voltage versus the 
number of samples taken looks like Fig. 6-18. If 
the incoming signal repeats at regular intervals, 
| the spacing of the steps on the staircase will be 
| uniform in real time, as shown in Fig. 6-18. 

VOLTS 
However, if the incoming signal recurs at an 
irregular rate, the spacing of the samples (and 

| steps) will be nonlinear in real time as shown in 
REAL TIME ————— | Fig. 6-19. 


Therefore, do not expect the stairstep to always 
look like a uniform stairstep when observed in real 
time. Note that irregular spacing of the samples 
in real time will not cause irregular spacing in 
equivalent time, since the equivalent time 
calibration is independent of the repetition rate 
of the incoming signal. Problems will arise, 

| however, when equivalent time phenomena are viewed 
| on a real time (conventional) oscilloscope. 


Fig. 6-18. Staircase voltage changes with 
synchronously repetitive signal sampling. 


VOLTS 








REAL TIMEe——-—— ——» 


Fig. 6-19. Staircase voltage changes with irregular 
repetitive signal sampling. | 


Changing the amplitude of the stairstep thus does 
not affect the time/cm calibration of the display, 
provided the horizontal gain and the Slewing Ramp 
slope remain unchanged. The SAMPLES/DIV control on 
sampling oscilloscopes merely changes the amplitude 
of each step in the staircase. | 


The previous discussion referred to a staircase to | 
sample at various points along a signal (common 
practice is to say that the strobe pulse "slews" 
along the signal). Under certain conditions the 
stairstep waveform will not resemble its namesake 
very closely. Actually the staircase advances one | 
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Fig. 7-1. 





Type R568 front view. 
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THE TYPE R568 OSCILLOSCOPE, 
ТУРЕ 356 VERTICAL AND TYPE 3T6 SWEEP 


TYPE R568 OSCILLOSCOPE 


The Tektronix Type R568 is a rackmount oscilloscope 
designed for use as part of a digital system and is 
capable of being operated as a conventional 
oscilloscope using any of the Tektronix 2-series or 
3-series plug-in units. It requires two plug-ins, 
one vertical and one horizontal. The Type R568 
contains no vertical amplifier or horizontal 
amplifier circuitry. It consists principally of a 
regulated power supply, a cathode-ray tube and 
associated circuitry and an amplitude calibrator. 


The characteristics of the oscilloscope are 
determined entirely by the vertical and horizontal 
plug-in units installed. When utilized as part of 
a system the vertical plug-in will normally be the 
Type 356 Programmable Sampling Vertical unit. The 
horizontal unit will be a Type 3T6 Programmable 
Sampling Sweep. 


A front panel view of the Type R568 appears in Fig. 
7-1. The cathode-ray tube is a rectangular 
Tektronix Type T5032-2-1 with an 8 x 10 cm internal 
graticule. Located immediately below the cathode- 
ray tube are the power ON-OFF switch, a pilot light, 
the VARIABLE INTENSITY control, a screwdriver 
adjustable ASTIGMATISM control, the FOCUS control 
and SCALE ILLUMINATION control. The last four 
relate to the cathode-ray tube. 


To the right appear the AMPLITUDE CALIBRATOR switch 
and OUTPUT jacks. The CALIBRATOR switch is a lever 
switch with OFF, 1 kHz and 20 kHz positions. The 3 
OUTPUT jacks are labeled 5 V, 0.5 V and + 
PRETRIGGER. When operated into a 50 2 load the 
output amplitudes are reduced by a factor of 10. 
That is, operating into a 50 2 load the output of 
the 0.5 V is divided to 50 mV. The 5 V output 
becomes 500 mV. The output waveform wave shape is 
a square wave with positive polarity, positive going 
from the 0 V base line. The frequency available is 
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either 1 kHz or 20 kHz. The 1 kHz position is 
designed primarily for use with real time plug-ins. 
For checking the operation of sampling plug-ins the 
frequency of the calibrator will normally be set to 
20 kHz. The 1 kHz output has an approximate 
frequency of 1 kHz. However, the 20 kHz frequency 
is crystal controlled and is accurate within 0.0572 
of 20 kHz and may therefore be used for accurate 
timing. The amplitude outputs are accurate to 
within 2% of the indicated value when operated into 
a +50 2 load. 


A pretrigger is supplied to enable the calibrator 
output to be used with sampling vertical plug-ins 
which do not have an internal trigger pickoff. The 
Туре 356 has an internal trigger pickoff channel. 
When utilized with certain of the sampling heads 
the internal trigger channel is active. With 

other sampling heads, such as the S-3 which may be 
installed, no internal trigger function is possible. 
Therefore, the pretrigger will normally be required 
when it is desired to use the amplitude calibrator. 


The cathode-ray tube has an accelerating potential 
of approximately 3.5 kV, an internal 8 x 10 cm 
graticule and variable edge lighting. The 
mainframe contains no vertical or horizontal 
amplifiers. All deflection signals are received 
directly from the vertical and horizontal plug-in 
units. The cathode-ray tube is a deflection 
blanked CRT. The beam may be Z axis modulated via 
a rear panel connector.  Intensifying signals 
received from the system Type 230 are connected to 
the cathode of the CRT. The rear panel CRT 
Cathode Selector switch must be in the Chopped 
Blanking position for these intensifying signals 
to be coupled to the cathode. 


On the rear panel of the Type R568, Fig. /-2, are 
four 36 pin jacks. J 224 connects to the Type 240 
Program Control Unit to provide time base unit 
programming. J 101 is a readout connector which 
connects to the Type 230. J 214 connects to the 
Type 240 for vertical unit programming. J 113 is 
utilized with the 3S6 for connecting the remote 
sampling heads to the sampling vertical. J 123 is 
the external trigger input jack. A Type 3T6 has no 
trigger input on the front panel and therefore access 
to the trigger input is through J 123. 
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Fig. 7-2. Type R568 rear view. 


SAMPLING HEADS 


The sampling vertical plug-in used in the Tektronix 
system is the Type 3S6 Programmable Sampling Unit 
which is equipped for remote programming as well as 
remote sampling heads. At present, four separate 
sampling heads are available for use with the 3$6. 
These are the S-1, S-2, $-3 and 5-4 Sampling Heads. 
The capability of using remote sampling heads makes 
the 3S6 ideal for use within a system because the 
signal acquisition head can be placed directly in 
the Fixture portion of the system, which can be at 
any reasonable distance from the rest of the 
instrument without degrading the risetime and 
bandwidth characteristics of the sampling heads. 
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Fig. 7-3. Types S-1, S-2, S-3 and S-4 sampling heads. 
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Fig. 7-4. Simplified block diagram of S-1, S-2 and 


S-4 sampling heads. 


Each of the sampling heads is similar in external 
appearance. They differ primarily in the risetime 
capability of the sampling gate system. See Fig. 
7-3. The Type S-1 Sampling Head has a risetime 
capability of 350 ps. The risetime of the S-2 
Sampling Head is 50 ps. The risetime of the 5-4 
head is 25 ps. Each of these three heads is a 50 
ohm input impedance device. 


The S-3 is different from the other heads in that 
it incorporates a sampling probe. The sampling 
probe places the sample gate within a probe housing 
which can be utilized in a similar manner to a real 
time oscilloscope probe. The DC input impedance of 
the Type $-3 probe is 100,000 ohms with an input 
capacity of approximately 2.3 pF. Two add on 
attenuators are supplied with the S-3 probe along 
with a X10 attenuator and a X100 attenuator. Each 
of these attenuators increases the input impedance 
at DC to approximately 1 megohm paralleled by about 
2 pF. The risetime of the Type S-3 probe is 
between 350 and 500 ps, depending upon the 
attenuators used. 


Fig. 7-4 shows a simplified block diagram of the 
S-1, S-2 and S-4 heads. Four main circuit blocks 
are present. The Sampling Bridge does the actual 
sampling. The Strobe Generator generates the 
strobe signals to the Sampling Bridge when 
commanded to do so by a Strobe Drive signal from 
the 386. The Sampling Bridge when strobed takes a 
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sample of the signal applied at the 50 ohm input 
and couples the sample to the Preamplifier. By 
preamplifying the signal, the signal to noise ratio 
of the system is improved. Since sampling 
efficiency can run as low as 1 to 2% for some 
sampling conditions, the sampled signal level is 
quite low. Unless amplified, line losses between 
the remote head and the 3S6 could become 
prohibitive. The Preamplifier lifts the amplitude 
of the sample well above the noise level of the 
connecting cable. 


The fourth block is the Blow-by Correction and 
Trigger Pickoff. The primary function of the 

Blow-by circuit is to cancel unwanted signals that 
bypass the Sampling Bridge. Very high frequency 
signals pass to the Preamplifier input by the normal 
stray capacitances of the Sampling Bridge. These 
unwanted signals are called blow-by. The Correction 
circuit receives an attenuated portion of the input 
signal, amplifies and inverts the signal and applies 
it through a capacitor to the output terminal of the 
Sampling Bridge. The magnitude of the correction 
signal is adjusted to effectively cancel the 
capacitively coupled blow-by signal. Since the 
Blow-by Correction circuit receives a portion of the 
input signal the Blow-by Correction amplifier provides 
a convenient place for Trigger Pickoff. This trigger 
signal is eventually coupled back to the sampling 
time-base. If the sampling time-base is operated in 
the INTERNAL TRIGGER mode it utilizes this signal for 
triggering. 


Note however, that this is not a pretrigger. The 
type of triggering made possible by this circuit 
would not include sampling on the leading edge of 
the signal. This may only be done by means of a 
pretrigger, arriving at least 40-50 ns ahead of the 
pulse to be sampled. 


The block diagram for the Type S-3 sampling head 
would be similar to the block diagram of 7-4 with 
the exception that no Blow-by Correction and 
Trigger Pickoff block is included. The Sampling 
Bridge is removed from the S-3 head and placed 
within the body of the sampling probe. 
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The unique advantage of the four heads available 

is that they may be mixed. That is, the 3S6 may 
operate with an S-1 head connected to channel A 
and an S-3 head connected to channel B or any other 
combination desired. In addition, the remote 
sampling head capability prevents obsolescence of 
the sampling system. In other words, the system 
owner may update his system at any time by simply 
purchasing any new sampling heads which might 
become available. 


ТҮРЕ 356 PROGRAMMABLE SAMPLING UNIT 


A picture of the front panel of the 356 appears іп 
Fig. 7-5. Тһе 356 is a dual channel, programmable 
sampling unit. As channels A and B are similar, 


| TYPE 356 PROGRAMMABLE SAMPLING UNIT 
| CHANNEL A CHANNEL B 
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Fig. 7-5. Туре 356 programmable sampling unit. 
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only channel A will be discussed. The three front 
panel controls which affect channel A are the DC 
OFFSET + 1 VOLT control, the UNITS/DIV control and 
the concentric VARIABLE gain control combined with 
the INVERT switch. The DC OFFSET control enables 
the input DC level to be offset any desired amount 
between +1 volt and -1 volt. This provides a means 
of effectively magnifying small portions of 
incoming signals. 


For example, suppose it is desired to view noise 
riding on the top of a 0.5 V step. By placing the 
UNITS/DIV to say 10 mV/div and applying 0.5 V of 
offset, the top portion of the signal may be viewed 
at high sensitivity. At the same time the apparent 
affect of DC OFFSET is to shift the position of the 
undeflected baseline. With offset set for 0, the 
channel A or channel B trace should be centered on 
the screen. There is a front panel screwdriver 
adjustment to provide long term drift correction. 


The vertical UNITS/DIV control provides seven ranges 
of vertical sensitivity. These are 200 units/div, 
100, 50, 20, 10, 5 and 2. The actual voltage per 
division depends upon the deflection sensitivity 
labeled in red on the front panel of the sampling 
head being used. At present, all four heads result 
in a mV/div sensitivity. The gain of the unit may 
be varied by the red concentric knob. In all cases 
the VARIABLE control will increase the display 
deflection factor by at least 2 1/2 times when the 
control is turned fully clockwise. When in the 
variable or uncalibrated position however, a digital 
readout of the 356 is impossible. Therefore, when 
the 356 is operated as part of a system and in the 
EXTERNAL PROGRAM mode the VARIABLE control is 
inoperative. An additional function performed by 
this control is that the displayed signal on the 

CRT may be inverted by pulling out on the. knob. 
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A screwdriver adjustment control labeled DOT 
RESPONSE appears just below the UNITS/DIV switch. 
This control allows the operator to adjust the loop 
gain of the channel to the particular type plug-in 
head being used. Because the sampling efficiency 
of each head differs, the DOT RESPONSE control is 
necessary. 


The MODE switch is in the center of the control 
panel and concentric with it is the smoothing 
switch. It has two positions, NORMAL and SMOOTH. 
Five modes of operation are possible for the 3S6: 
CHANNEL A only, DUAL TRACE, CHANNEL B only, A PLUS 
B, and EXTERNAL PROGRAM. In the A PLUS B mode the 
output of the two channels is added together and 
displayed as a single trace on the CRT. A limited 
form of differential capability becomes available 
by inverting one or the other of the channels, so 
that with channel B inverted the display shows the 
difference between channel A and channel B. 


In EXTERNAL PROGRAM position the display mode is 
automatically set for Dual Trace operation. Three 
functions for each channel are externally 
programmable. These are: DC OFFSET, UNITS/DIV and 
NORMAL. When smoothing is selected both channels 
are smoothed, it being impossible to have one 
channel in NORMAL and the other in SMOOTH position. 
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A simplified block diagram of the 3S6 appears in 
Fig. 7-6. Since channel A and channel B are 
duplicated only channel A is shown, along with the 
output circuitry which is common to both channels. 


The sequence of events is as follows: A Sampling 
Drive Pulse from the time base is coupled to the 
Strobe Regenerator and Amplifier. The Strobe 
Regenerator circuit is a blocking oscillator which 
generates several drive signals. One of these is 
the A Strobe Drive which couples through the cable 
to the remote Sampling Head. This can be called 
the "Take A Sample" command. In addition, a much 
wider pulse couples to the A Memory Gate circuit 
which will gate the Memory in order to receive the 
amplified sample from the AC Amplifier. With the 
end of Gate Drive, A Memory Gate closes and the A 
Memory circuit retains the sampled level until the 
next Gate Drive pulse appears. The Strobe 
Regenerator circuit also generates a pulse which 
couples to the CRT, to blank it during the time 
when the trace is moved from channel A to channel 
B samples. 


When externally programmed the 386 is always in the 
Dual Trace mode, therefore the explanation for the 
block diagram will be based upon Dual Trace. The 
Strobe Regenerator couples a fourth pulse to the 
Dual Trace Circuitry block which is a Toggle flip- 
flop. The dual outputs of the Toggle FF couple to 
the Output Amplifier. In one stable state the FF 
gates channel A information through the Output 
Amplifier to the CRT. When in the other stable 
state it gates the channel B information through 
the Output Amplifier to the CRT. The Dual Trace 
FF is switched with each sample displaying channel 
A and channel B alternately on the CRT. 


A total of 1,000 samples are taken during a sweep. 
This actually means that on the display only 500 dots 
from channel A and 500 dots from channel B appear. 
This results in a small loss in resolution as far as 
the visual display is concerned, but the signals 
which go to the Digital unit are taken from A 
channel and B channel before entering the Dual 
Trace and Output Amplifier circuitry. Therefore, A 
and B channels are each represented by 1,000 samples 
during the complete sweep. The important point is 
that when the Sampling Drive pulse from the Time 
Base arrives triggering the Strobe Regenerator and 
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Amplifier, both channel A and channel B are signaled 
to take a sample and the operation in channel A is 
paralleled by the operation of channel B. The loss 
in resolution is only to the CRT. 


A fifth output from the Strobe Regenerator is a Dual 
Trace Intensification signal to the 230. This 
signal will be logically true whenever channel B is 
being displayed. The 230 uses this information in 
order to decide which trace is to be intensified for 
the A and B Memory Zone intensification signals and 
the Time Measurement intensification signals. 


When the sample is taken in the sampling head the 
amplified sample is coupled to the AC Amplifier and 
Programmable Forward Attenuator. The attenuation 
ratio will be such that the resulting signal level 
at the channel A output to the 230 (shown on the 
right hand side of the diagram after the A Channel 
Amplifier) is 1 V/div on the CRT. That is, if a 
one division signal appears on the CRT and the 
UNITS/DIV setting is 200 mV/div, the amplitude of 
the signal at the A channel output would be one 
volt. If a step is appearing on the CRT one 
division high with the UNITS/DIV at 2 mV/div the A 
channel output will still be one volt. 


When the trace is at the center of the CRT, the DC 
level at A channel or B channel output is 10 volts. 
If the trace is deflected upward 1 div the DC level 
increases one volt to + 11V. At the top of the 
screen, which is 4 div above center, the DC level 
would be + 14 V. At the bottom of the CRI 
graticule which is 4 div below the center line, the 
DC level would therefore be + 6 V. Thus, with the 
signal within the graticule limits the DC levels at 
the A and B output channel points are + 6 V to + 14 
V. These are the signal levels coupled to the 230. 


The amplified signal from the AC Amplifier couples 
through the A Memory Gate to the A Memory. From 

the output of the A Memory the signal goes two 
places. One path leads through the Inverter and 

the other bypasses the Inverter via the Normal /Invert 
switch. The signal next goes through the A Variable 
Gain control to the A Channel Amplifier and finally 
through the Output Amplifier to the CRT. 
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From the A Memory block a signal also couples back 
through the Programmable Reverse Attenuator and 

from there back to the Sampling Bridge within the 
Sampling Head. The Reverse Attenuator and Forward 
Attenuator ratios are programmed to preserve the 
proper loop gain figure for the system. In addition, 
at the output of the Reverse Attenuator, the output 
of the Programmable DC Offset Current Source appears. 
That is, the two signals are coupled together and 
fed back to the Sampling Gate. 


The Programmable Offset Generator, the Programmable 
Reverse Attenuator, the Programmable Forward 
Attenuator and the Programmable Smoothing Control 
are controlled from the External Program Logic 
Decoding block. A number of functions are performed 
within this block. The program lines from the 240 
are decoded to provide the proper amount of offset, 
the desired deflection sensitivity, and whether 
smoothing is required or not. 


With each different range of vertical deflection 
sensitivity the 230 must be told how to scale the 
information. As was previously mentioned, at the A 
and B channel output points the signal levels are 
related to the amount of cathode-ray tube deflection. 
Since the sensitivity varies from 2 mV/div to 200 
mV/div, the 230 must be informed as to the actual 
voltage levels which the A or B channel output 
Signals represent. This is done by providing units 
of measure (volts or mV) information, decimal point 
position and the +1, +2 and +5 scaling information. 


These scaling functions will be discussed in detail 
in the Type 230 chapter. One line couples from the 
sampling head back to the Program Logic Decoding 
circuitry which provides UNITS/DIV multiplier 
information for the Logic block. This is required 
because in the future sampling heads may become 
available which are scaled in terms of uV/div 
rather than mV/div. 


At the output of the A channel as previously 


mentioned, the DC level of the signal is 10 volts 

+ 4 volts, depending upon the beam position. The 
signal next passes into the Output Amplifier. The 
major function of the Output Amplifier is to supply 
enough gain to properly drive the vertical 
deflection plates of the CRT. The gain of the 
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Fig. 7-7A. Program format for 356 programmed from 
a Type 240. 
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Output Amplifier is independently adjustable in 
order to compensate for the differences in 
deflection sensitivities of the CRT's installed. 

In addition, the vertical deflection plates operate 
at a DC level of approximately 150 volts. Therefore 
the Output Amplifier must step up the DC level of 
the signal to about the required 150 volt level. 


3 


Programming the 3S6 is done from characters 13 
through 20 of the Type 240. See Fig. 7-7A. 
Characters 13 through 16 program channel A; 
characters 17 through 20 program channel B. Since 
the programming is similar for both channels we 
will discuss only channel A programming. There are 
/ ranges of deflection for the Type 3S6. Seven 
combinations can be programmed with three lines. 
Therefore in character 13, bits 1, 2 and 4 are 
called vertical deflection factor lines. Three 
bits can combine in 8 different combinations. See 
Fig. /-7B.for the truth table. As only seven 
combinations are required, one is not used. 
Examining the table for character 13, note that the 
binary number 100 is absent. 


Bit 8 of character 13 is part of the DC OFFSET 
programming. OFFSET can be programmed in five mV 
intervals between 0 and + 995 mV. If bit 8 of 
character 13 is made true, positive offset is 
programmed. If that bit is left false, negative 
polarity is automatically selected. Character 14 
of the Type 240 programs the 100's digit of OFFSET. 
See Fig. /-7B character 14 truth table. In an 8421 
BCD format, bit 8 is 800, bit 4 is 400 and so forth. 
Character 15 programs the 10's digit in the same 
BCD code format. Character 16 uses only 2 bits. 
Bit 8 programs the 5 mV integral and bit 2 programs 
smoothing for both channels. 


TYPE 3T6 PROGRAMMABLE SAMPLING SWEEP UNIT 


The Type 3T6 Programmable Sampling Sweep provides 

a wide range of equivalent and real time sweep 
rates. Accurate delay of the equivalent time 

time window is variable from 0 to 999.9 us. All 
Sweep rates, samples per sweep, equivalent time 

and sampling sweep start delay times are controlled 
either at the front panel or by external program. 
When using external triggering an automatic 
triggering feature maintains proper triggering over 
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Fig. 7-8. Type 3T6 programmable sampling sweep. 


a wide range of trigger amplitudes and repetition 
rates. 


The Type 3T6 is the time base which is presently 
used in Tektronix systems and may be externally 
programmed from either a Tektronix Type 240 Program 
Control Unit or the Type 241 Programmer. In this 
chapter we consider programming the 3T6O via the 
Type 240. 


The front panel of the Type 3T6 appears in Fig. 
7-8. TIME/DIV is displayed visually through the 
window in the upper center of the panel. The front 
panel TIME/DIV switches are located to the right 

of the display window.  Time/Div is selected by two 
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concentric switches: TIME/DIV DECADE and MULTIPLIER. 
The TIME/DIV DECADE switch should be read as if it 
indicated t = 107X. With the switch in its counter- 
clockwise position the TIME/DIV is 107! s/div. 1071 
seconds equals hundreds of ms, therefore the display 
window shows either 100, 200 or 500 ms/div depending 
upon the setting of the MULTIPLIER switch. With the 
switch at t = 107© the DECADE value is us/div. At 

t = 1079 the value is ns and the display time/div 

is one ns, 2 ns or 5 ns. The 0 position of the 
switch must be interpreted to be 10719 which means 
that the display window for this range will read 
either 100 ps, 200 ps or 500 ps. 


With 10 positions of the DECADE switch and 3 
positions of the MULTIPLIER a total of 30 sweep 
speeds are available. The slowest sweep speed is 
500 ms/div. The fastest sweep speed is 100 ps/div. 
The 3T6 operates in real time mode for the sweep 
rates between 500 ms and 1 ms/div. It operates in 
an equivalent time mode for the 21 ranges between 
500 us/div and 100 ps/div. The difference between 
real time and equivalent time sampling will be 
discussed later. 


Other front panel controls include the HORIZONTAL 
POSITION control which positions the beam on the 
R568 CRT horizontally, and the HORIZONTAL GAIN, a 
front panel screwdriver adjustment which is used 
to compensate for differences in CRT deflection 
sensitivities when changing the 3T6 from one R568 
mainframe to another. 


The SAMPLES/SWEEP switch has two positions: 

1 SAMPLE/SWEEP and 1000 SAMPLES/SWEEP. With the 
switch in the l position, every time the 3T6 is 
triggered only one dot is displayed. It appears 
at the left edge of the CRT and will be equivalent 
to the first sample of a sweep. With the switch 
in the 1000 position, the display dot density will 
be 100 dots/div. The sweep display is 10 div 
making a total of 1000 samples or dots/sweep. Two 
position lamps are included which help the operator 
to determine in which direction the beam is 
deflected if it is off screen. 


The DELAY controls are four thumbwheel switches 
which can be set to any numerical position between 
0000 апа 9999. The setting of these switches 
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determines the equivalent time delay before 
sampling begins. The range of delay is visually 
displayed through a translucent panel located to 
the right of the thumbwheels. 


The PROGRAM SELECTOR control can be set to either 
INTERNAL or EXTERNAL programming. When set in the 
INTERNAL position the front panel controls are in 
command of the 3T6. When set to EXTERNAL the 
programmable functions are determined by the 
programmer. 


The trigger function of the 3T6 is not an 
externally programmable function. Four controls 
are associated with the trigger circuit. The 
TRIGGER SENSITIVITY and the RECOVERY TIME controls 
are concentric. The SENSITIVITY control is set 
manually for stable triggering of the signal being 
applied to the sampling vertical. The RECOVERY 
TIME control varies the lock out time between 
samples. At the fastest sweep rate lock out time 


is nominally 10 us. At the slower sweep rates lock 


out time is extended. For example, when operating 
at 1 us/div with a total of 9999 us of time window 
available the lock out period must extend for at 
least that amount of time. The RECOVERY TIME 
control simply adds to the minimum lock out time 
built in to the trigger circuitry. This allows 
stable triggering on signals whose rep rates are 
very close to the minimum lock out period for the 
signals being triggered. When rotated full 
clockwise RECOVERY TIME places the trigger circuit 
into a free running mode in which case it can be 
synchronized to non-pulse type signals, such as 
high frequency sine waves, etc. 
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The TRIGGER MODE switch has 3 positions. These 
are INTERNAL, EXTERNAL and external AUTOMATIC. 
When in INTERNAL position the trigger signal is 
taken from the trigger pickoff of the sampling 
head. Since not all sampling heads have a trigger 
pickoff, the internal position may be inoperative. 


In a system, EXTERNAL triggering will ordinarily 

be used. The signal being applied to the vertical 
will be supplied by a programmable pulse generator. 
All such generators include a pretrigger, therefore 
when in a system the trigger mode will be in the 
EXTERNAL position. 


In external AUTO position a special trigger circuit 
becomes operational which will automatically trigger 
to any input frequency of up to 100 MHz or more. 

The minimum amplitude however, of the external 
trigger is 100 mV. The AUTO trigger is particularly 
appropriate for use in a system since in a long 
series of measurements, the pulse generators may 
vary over a wide range of frequencies. 


When externally programmed the following functions 
of the 3T6 may be controlled: the TIME/DIV DECADE 
and MULTIPLIER, the SAMPLES/SWEEP and the TIME 
DELAY. The SAMPLES/SWEEP function is utilized as 
part of the High Speed programming function which 
is discussed in the Type 230 chapter. 
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A simplified block diagram of the Type 3T6 
operating in equivalent time is shown in Fig. 7-9. 
This diagram has been greatly simplified from the 
block diagram in the instrument manual. However, 
sufficient information is included to communicate 
the concepts of operation of the 3T6. On the left 
side of the diagram the trigger signal from 
internal or external source is coupled to the 
Trigger Recognition and Holdoff circuitry. When 
the trigger arrives (assuming the circuit is not in 
its holdoff cycle) it is recognized and regenerated 
to a standard waveform. As soon as the trigger is 
recognized the trigger circuit is locked out until 
the end of a holdoff period. The amount of holdoff 
varies depending upon the equivalent time/cm 

range setting of the 3T6 with the minimum holdoff 
time being 10 us. 


The Regenerated Trigger couples to the 10 MHz Delay 
Clock Oscillator and to the Timing Ramp Generator. 
Recall from the discussion of basic sampling that 
delay may be introduced by delaying the coincidence 
between the timing ramp and the inverted staircase 
feedback from the Staircase Inverter. That is, if 
the time window is to extend for 10 ys after the 
arrival of the trigger, the Staircase Inverter 
output DC level is placed at a level which will 
cause the timing ramp to run down for 10 us before 
reaching the DC level from the Inverted Staircase. 
Early types of sampling time-bases utilized this 
analog type of delay circuitry entirely. 


When greater delay was desired, the first pickoff 
point on the timing ramp was delayed by making the 
Inverted Staircase DC level more negative. When 
several thousand us of delay window was desired it 
was found that very long timing ramps were required. 
These timing ramps could be accurately generated 
but even a small amount of jitter at the beginning 
of each timing ramp could cause unacceptable drift 
and jitter in the pickoff points. The pickoff 
points determine the position of the time window or 
the apparent display on the CRT. 


The 3T6 on the other hand utilizes a unique 
combination of the digital and analog methods for 
determining delay. Digital delay is made possible 
by triggering a 10 MHz Delay Clock Oscillator 
whenever any amount of delay greater than 100 ns 
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is required. The period for a 10 MHz signal is 

100 ns. Suppose that a delay of 1 us is required 
in the 3T6 before the time window is to appear. 
When the 10 MHz Delay Clock Oscillator is triggered 
by the first Regenerated Trigger from the Trigger 
circuit the oscillator begins. The number of 
cycles of oscillation are counted by Preset Delay 
Counter circuits. This number of cycles in the 
Counter is compared with the Digital Delay Program 
from Central Timing Logic. The program in this 
case will be a digital value of 10. When the count 
in the Counter reaches 10, comparison circuits 
within the Preset Delay Counter block generate a 
coincidence signal. This coincidence signal is 
connected to a Timing Ramp Generator starting the 
timing ramp. 


If a delay of less than 100 ns had been desired 
then the Regenerated Trigger from the Trigger 
Recognition block would have started the timing 
ramp at that time instead of starting the 10 MHz 
Delay Clock. The function of the Delay Clock and 
Preset Delay Counter circuit is to delay the 
beginning of the timing ramp by the desired number 
of 100 ns increments. 


Whenever a delay increment smaller than 100 ns is 
required the delay is done by analog methods 

similar to the older type time-bases. The Timing 
Ramp Comparator has an input from the Analog Delay 
block which in turn received programming information 
from Central Timing Logic. The amount of delay 
required, therefore is partially determined by the 
digital Counter and partially by the Analog Delay 
circuitry. 


Suppose that the time/cm setting of the instrument 
is 100 ps/div which will have 9999 increments of 
delay available. For this time/cm setting, the 
units of delay are 0.1 ns. This means that the 
total time period viewable on the screen is 999.9 
ns plus the time duration of the CRT display. At 
100 ps/div we have a total of 1000 ps displayed in 
10 div. The total duration of the time period is 
999.9 ns plus 1000 ps, or 1000.9 ns. In this range 
the front panel DELAY window displays a decimal 
point between the third and fourth digits. Thus the 
total delay is from 000.0 ns to 999.9 ns. Only the 
most significant figure of the delay can be 
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window 
beginning 


programming 
delay 
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determined digitally since it is in 100 ns 
increments. If a delay of 950.0 ns is programmed, 
the Central Timing Logic would program the Preset 
Delay Counter circuitry with a 9. 


When the Regenerated Trigger arrives, the Delay 
Clock Oscillator begins. After 9 cycles the Preset 
Delay Counter signals coincidence and in turn 
causes the Timing Ramp Generator to start the 
timing ramp. The timing ramp running down is 
compared against the Staircase Inverter DC level 
combined with the Analog Delay DC level. For this 
example the ramp would run for 50 ns before the 
first sample is taken. Thus the beginning of the 
time window occurs 900 ns (determined by counting 
the Clock pulses) plus 50 ns of timing ramp rundown 
before the first sample appears on the CRT. 


For a second example, with TIME/DIV at 100 ps assume 
the DELAY is set to 050.0. This delay period is 
less than the period of 1 cycle of the Delay Clock. 
In this case no Digital Delay Program is used. When 
the Regenerated Trigger occurs, it immediately 
couples over to the Timing Ramp Generator and the 
timing ramp is started at once. The Analog Delay 
circuitry is programmed to begin the first pickoff 
after the timing ramp has run for 50 ns. 


If the time/division is 1 ns/div the delay range 
changes. In this case the display has no decimal 
point between the third and fourth digits and a 
total of 9999 ns of delay is programmable. The 

two most significant decades of delay are programmed 
by digital means. The two least significant decades 
of delay are determined by analog methods. Therefore, 
assuming a delay of 1,130 ns is programmed, the 
Preset Delay Counter is preset to count 11 cycles of 
Delay Clock pulses before energizing the Timing Ramp 
Generator. The rest of the delay portion would be 
determined by the analog method. - 
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TIME/DIV DECIMAL UNITS 
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NEXT SAMPLE 


Fig. 7-10. Variation of delay readout with time/div. 





total delay The total delay available for each range of the 
TIME/DIV control is shown in Fig. 7-10. Over the 
range of 500 ps/div to 100 ps/div the decimal point 
between the third and fourth columns is displayed 
and the unit is ns, therefore a total of 999.9 ns 
of delay may be programmed. Over the ranges 
between 1 us/div and 1 ns/div the decimal point is 
not illuminated and a total of 9999 ns of delay may 
be programmed. Over the range of 500 us/div to 2 | 
us the decimal point is again illuminated. The | (9) 


TIME 
WINDOW 


ш 
_ 
Qo 
= 
= 
o5 
ac 
ud 
а 
ul 
>: 
~ 
= 
> 
= 
= 
= 


TIMING RAMP 









ACTUAL TIME PER SAMPLE 


unit however is us/div. Therefore, the total delay | E 
possible is 999.9 us. No delay is possible when | = 
the 3T6 is operating in real time mode over the = = 
TIME/DIV ranges between 500 ms/div to 1 ms/div. | B 
i = — 
> oe 
determining For all ranges of delay when operating in equivalent a = =~ 





decades time the X 1000's digit is determined by counting 
Clock pulses. Between 500 ps/div and 100 ps/div | = 
only the thousands digit is determined digitally. l 
Over all other equivalent times (500 us/div to 1 | © 


Time segments for full-sweep time-window 
positioning and time per sample cycle. 
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POSITIONABLE END OF TIME WINDOW AFTER T9 





delay if 0000 delay is programmed the Timing Ramp 
circuit is triggered immediately without waiting | o 
for the Delay Clock Oscillator to cycle. Whenever | 
any delay is programmed which utilizes either the 


ns/div) the two most significant decades are | ý 5 < 
determined digitally. In all cases the other decades к= — 
Е | zc) pu 
are determined by analog methods. | cu a 

| oe 

© 

: | e ө 
It is important to recall that for all ranges of | x ory 
| En 


AX 100 or X 1000 or X 100 (or both) columns the delay is ° ЗЫ 
Х 1000 partially determined by counting Delay Clock о оооовооее -E 
pulses. The timing ramp is not generated until CX y ecc, > = 
after the Preset Delay Counter has counted 82 о. ш 2 
sufficient 100 ns Delay Clock pulses to satisfy the e ° 58 


programmed X 1000 and X 100 values. These important | 
time relationships are illustrated in Fig. 7-114. | 
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The trigger signal arrives Time Т. The start 
point for the timing ramp is delayed by the setting 
of the two most significant decades. When the 
timing ramp begins additional delay may be 

sample time programmed by analog methods delaying the start of 

segments the time window. Next the time window appears. 
Normally the ramp will have some time to run after 
the time window appears since maximum delay will 
rarely be programmed. Sufficient time must be 
allowed to reset the timing ramp. After reset time 
is completed an additional 1 to 3 us of arming time 
to rearm the Trigger Recognition and Holdoff circuit 
must be allowed. The total time, for one complete 
sample is a minimum of 10 us. 
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MIN. TIMING 
RAMP LENGTH 


With the TIME/DIV at 500 us the minimum time between 
samples becomes approximately 15 ms. This allows 
sufficient time for the timing ramp to run its 
complete length and a minimum reset time of 2.5 ms. 
This means that with no delay programmed the 
minimum time between samples is 15 ms. If delay is 
programmed, up to an additional 1 ms may be 
introduced into the time duration of the cycle. At 
actual this TIME/DIV the actual time required to complete 
time/sweep a 1000 dot sweep is 15 ms X 1000 = 15 seconds. 
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The wide variation of actual time/sample shown in 
table of Fig. 7-11B explains why the apparent beam 
velocity of the CRT varies so widely between the 


10 DIVISION 
TIME WINDOW 


5ms 
2ms 
ims 


Data for equivalent time sweep rates of 
time intervals shown in Fig. 7-11A. 


other hand, if the pulse occurs at 10 Hz it would 
take 0.1 s from one dot to the next. For this 
example it would take 10 seconds to complete 1 div 
of sweep running at a dot density of 100 samples/div. 
The complete sweep would take 100 seconds to 
complete. 
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Refer to Fig. 7-9 again. When the Timing Ramp 
Comparator reaches comparison the Strobe Drive 
pulse occurs. This pulse is coupled out to the 3S6 
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as the Strobe Command, causing the 3S6 to take a 
sample. In addition, the Strobe Drive pulse 
drives the Staircase Stepper which has the output 
coupled to three places: 


(1) To Type 230 where it is used as the Digital 
Clock when measuring time. 

(2) To the Staircase Generator to advance the 
staircase. 

(3) To the Staircase Reset Multivibrator to enable 
a staircase if the staircase is in reset 
position. 


The Staircase Generator output is coupled back to 
several circuits, one of which is the Staircase 
Reset Multivibrator. When the staircase reaches 


central 
approximately 150 V the Staircase Reset timing 
Multivibrator is reset, switching the Staircase logic 


Generator to its rundown (sweep retrace) cycle. 

The Staircase Generator output is inverted by the 
Staircase Inverter and coupled into the Timing Ramp 
Comparator. The Staircase Generator also drives the 
Horizontal Output Amplifier which accepts the single 
ended staircase signal and push-pull drives the Type 
R568 CRT horizontal deflection plates. 


When the Staircase Reset Multivibrator is switched 
by the first Staircase Drive pulse an output is 
coupled to the 230 as the Sweep Gate. The Sweep 
Gate signal is low all during the time a staircase 
is being generated. A second output couples to the 
CRT deflection blanking plates for unblanking. 


The amplitude of the Staircase Drive signal from 
the Staircase Stepper may be varied between an 
amplitude which advances the staircase at the rate 
of 100 dots/div on the CRT and 10 dots/div. Dot 
Density (number of dots/div) is determined by the 
Sweep Speedup block. Sweep Speedup is not 
controllable from the front panel of the 3T6. Dot 
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Density may be set to 10 dots/div only by a special 
signal called Sweep Speedup which is coupled back 
from the Type 230. This function is discussed in 
detail in the 230 chapter under High Speed Programming. 


The Staircase Reset Multivibrator may be reset at 
any time by a Sweep Reset signal from the Type 230. 
This function is also discussed under High Speed 
Programming of the 230. 


The Central Timing Logic block receives its inputs 
either from the front panel or from an external 
program control unit. The Central Timing Logic 
block converts the Program Input Lines information 
and performs a number of functions. It determines 
the digital delay, the analog delay, the timing 
ramp slope, the equivalent time/div and sends 
information to the 230. This scaling information 
enables the 230 when measuring time to determine 
the value of each cycle of the digital clock. 
Scaling requires information to light the units-of- 
measure nixie on the 230 front panel properly. The 
230 must determine where to place the decimal point. 
Finally scaling information to the 230 is required 
so that it may properly scale the number of counts. 
This scaling function is discussed in detail in the 
block diagram discussion for the Type 230. 


The Central Timing Logic controls equivalent time/div 
by programming the six different timing ramp slopes. 
In addition the time/div is controlled by varying 

the gain of the Staircase Inverter. This varies the 
step by step DC level to the timing ramp comparator 
in such a way as to accurately determine the slewing 
time from one dot to the next. 
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When operating in the TIME/DIV ranges between 500 
ms/div and 1 ms/div the 3T6 operates in a different 


E 
_ manner from the equivalent time mode. This is 

5 real time called real time mode. A simplified block diagram 
E sampling of the 3T6 operating in real time appears in Fig. 


/-12. Enough information is shown in the diagram 
to grasp the system of real time operation. When 
studying this mode the student should bear in mind 
that the desired dot density on the CRT is 1000 
dots/sweep. The 3T6 when operating in real time 
mode uses the same counter circuitry used for 
digital delay in equivalent time mode. 
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The trigger function in real time differs from the 
trigger operation in equivalent time. When 
operating in equivalent time the Trigger circuit 

real time operates once per sample taken. When operating in 

trigger real time mode the Trigger operates once per 
complete cycle of the staircase. When a 
Regenerated Trigger appears (if the staircase is not 
already being generated) it turns on the 10 MHz 
Clock Oscillator and Shaper circuitry which in turn 
sends 100 ns pulses to the 100/1 divider. The 
resulting 10 us pulses couple to the Clock Pulse 
Selector block. The 10 us pulses are also coupled 
to the First Decade Divider. The output 100 us 
pulses go to the Clock Pulse Selector and to the 
Second Decade Divider. The 1 ms pulses from the 
Second Decade Divider go to the Clock Pulse 
Selector. 
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The Clock Pulse Selector chooses one of the three 
clock clock pulses as determined by the Clock Pulse 
pulses Select lines. The Selected Clock Pulses couple to 

the Real Time Divider which is also controlled by 

Central Timing Logic. The Selected Clock Pulses 

are divided in the ratio of +1, +2 or +5. The 

Selected and Divided Clock pulses couple through 

the Strobe Driver block to the Staircase Stepper. 

When the Staircase Reset Multivibrator receives the 

first Stepper pulse the Multi switches enabling the 

Staircase Generator. The sweep as generated goes 

to the 230. The Staircase Reset Multi generates the 

CRT unblanking signal and the Sweep Gate (to the 

230). 







Simplified block diagram -- 3T6 in real time mode. 
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Fig. 7-12. 
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From this point with the arrival of each Stepper 
pulse the Staircase Generator advances 1 step. The 
Push-pull Horizontal Output Amplifier couples the 
staircase to the CRT horizontal deflection plates. 


TRIGGER 
SIGNAL 
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The Trigger Regenerator and Lockout circuit locks 

out after the first Trigger input signal. The 
Trigger remains locked out for the complete duration 
of the 1000 step staircase. When the staircase 
reaches approximately +50 V it causes the Staircase 
Reset Multivibrator to switch back. The staircase 
runs down. When the Staircase Reset Multi switches 
to the locked out state a Trigger Reset Pulse is 
coupled back to the Trigger Reset Multi. The Trigger 
Reset Multi unlocks the trigger and in addition 
sends a Counter Reset Pulse to all counter circuitry. 
In this mode the Trigger operates one time per 
complete horizontal display on the CRT. 


| 000 
dots/sweep 


To understand the sequence of operation of the 
circuit, assume the Central Timing Logic is set to 
program 1 ms/div. If 1000 dots are to appear on the 
CRT then 100 dots must occur in 1 div. This means 
that each dot must occur 0.01 ms after the last 

dot. 0.01 ms = 10 us. With the arrival of the 
trigger the Clock Oscillator is enabled and operates 
in a free running mode. The 100 ns shaped pulses 
are coupled to the 100/1 divider. The 10 us output 
pulses are coupled to the Clock Pulse Selector. 

The Clock Pulse Selector for this time/div range 
will couple the 10 us pulses through to the Real 
Time Divider. The Real Time Divider will be 
programmed in a +1 mode. 


Therefore, every 10 us the Strobe Driver block will 
receive a pulse, the Staircase Stepper will receive 
a pulse and the staircase will advance one step 
moving the beam on the CRT 1/100 of a division. 
Since the Clock Pulses continue to come at 10 us 
intervals, the beam advances every 10 us. Since 
100 dots occupy 1 div, after 100 Clock Pulses the 
beam will have moved 1 div. 100 x 10 us = 1 ms. 
The beam velocity is thus 1 ms/div. 


The Selected and Divided Clock Pulse which arrives 
at the Strobe Driver block is also coupled out as 
Strobe Command to the 356. Under the conditions 
stated the 3S6 will be commanded to take a sample 
every 10 us. Using 1 ms/div range the signal being 
viewed would necessarily be a signal with a long 
period. Ап example might be a pulse with a 5 ms 
period. The Trigger circuit will have originally 
switched on with the leading edge of this pulse. 


no delay 
for real 
Time 
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Once the Trigger turns on the Clock Oscillator the 
356 is commanded to take a sample every 10 us. 

This means that the final display vertically would 
represent the pulse at intervals of 10 us along its 
5 ms duration. Sampling every 10 us on a 5 ms 
duration pulse assures ample resolution of the 
wave shape of the signal. 


The importance of maintaining the 1000 dots/sweep 
relationship is made clear when you recall that the 
230 uses the output of the Staircase Stepper as the 
Digital Clock. Therefore, the pulse width of the 
signal could be measured by the 230 by simply 
counting the number of dots occurring between 50% 

of the leading edge amplitude to 50% of the trailing 
edge amplitude. The number of dots after 
appropriate scaling are displayed by the 230 as a 
pulse width of the signal. 


If the TIME/DIV control is set for 2 ms/div the 
programming to the Real Time Divider is changed to 
+2. The staircase advances at the rate of 20 us 
per dot giving a time/div of 2 ms. If the 
TIME/DIV control is set to 5 ms/div the Real Time 
Divider is programmed to +5. This results in 50 us 
pulses to the Strobe Driver and gives 5 ms/div. 


The next lower decade of time/div available is 10 
ms/div. When 10, 20 or 50 ms/div is programmed the 
Timing Control lines select the 100 us pulses from 
the First Decade Divider. These 100 us pulses 
divided by 1, 2 or 5 give 10, 20 or 50 ms/div. The 
3 slowest sweep times available are 100 ms/div, 200 
ms/div and 500 ms/div. The Clock Pulse Selector 
gates the 1 ms pulses from the Second Decade 
Divider. The 1 ms pulses are divided in the 1, 2 
or 5 ratios. 


Note that when operating in real time mode the 10 
MHz Clock Oscillator is utilized to give the proper 
real time duration for each sweep. Since the 10 
MHz Clock Oscillator is utilized for this purpose 
it is not available for delay. With no Timing 

Ramp Generator used no analog delay is available 
either. Therefore, no delay is possible when 
operating in the 9 real time/div sweep ranges. 


The same countdown circuitry is used in real time 
as is used for delay in equivalent time. No 
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no dot 
density 
change 


provision is made to vary the dot density of the 
display when operating in real time. This portion : 
of the Sweep Speedup programming is not available. | format 
The Sweep Reset circuitry however, is still | 

operational and is shown in the block diagram. The 

sweep may be reset at any point by means of the 

Sweep Reset signal generated in the 230. This 

function is discussed under High Speed Programming 

of the Type 230. 


Fig. 7-13. External program format for the 3T6 





external 
program 


The Central Timing Logic besides determining the 
Clock countdown rate also sends scaling information 
to the 230 enabling the 230 to display the units of 
measure, the decimal point position and the +1, +2 

. and +5 scaling information. 
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An external program format for the 3T6 programmed 
via the Type 240 Program Control Unit is shown in 
Fig. 7-13 A and B. External programming of the 
Type 3T6 is done in characters 7, 8, 9, 10, 11 and 
12 of the Type 240. Characters 7 and 8 set the 
time/div of the sweep speed. Recall from the front 
panel discussion that the DECADE switch has 10 
positions. Character 7 duplicates this switch. 
Any value between binary 1 and binary 9 is allowed 
in character 7. Recall, however, there was a 0 
position on the switch which was interpreted to be 
Е = 10-105. With character 7 programmed 0000 the 
O position of the DECADE switch is duplicated. 
Character 8 duplicates the function of the X1, X2 
and X5 MULTIPLIER switch. A truth table for 
character 8 is shown in Fig. 7-13B. 001 programs 
the multiplier to the 1 range, 010 programs the 2 
range, 101 programs the 5 range. All other 
combinations are not permitted. 


The DELAY programming is done via characters 9, 10, 
11 and 12. Each character is in an 8421 BCD format. 
No value higher than binary 9 is permitted in any 
one of these characters. Recall from the front 
panel discussion that the maximum delay available 
is 9999. The total delay is the sum of characters 
9, 10, 11 and 12. 


Characters 17, 18, 19 and 20 of the Type 240 are a 
repeat of characters 13, 14, 15 and 16 respectively. 
The only difference is between character 16 and 
character 20. Character 20 has no program function 
in the bit 2 position. 


Two other externally programmable functions, the 
Sweep Speedup (Dot Density) and Sweep Reset 
functions are not programmed directly from the Type 
230. These signals will be generated in the 230 
only when bit 1 of character 47 of the Type 240 
called High Speed is made true. When High Speed 

is actuated Sweep Speedup and Sweep Reset will 
automatically be energized at the proper time by 
the 230 synchronizer card. 
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Fig. 8-1. Front and rear views of Type 230. 
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THE TYPE 230 DIGITAL UNIT 


The central measuring device within the Tektronix 
system is the Type 230 Digital Unit. See Fig. 8-1. 
The Type 230 is designed for use with the Tektronix 
Type R568 Oscilloscope as part of a digital readout 
system. The R568 will have two sampling plug-ins 
installed; a sampling vertical plug-in, Type 3S6 
and a sampling time-base plug-in, Type 3T6. Each 
of these plug-ins and the Type 230 are externally 
programmable. In general, throughout the rest of 
this chapter, whenever the Type 230 is mentioned, 


it will be assumed that it is connected to a Type 
R568/3S6/3T6. 


The Type 230 Digital Unit receives analog information 
from the sampling plug-ins. The analog signals are: 

a vertical component which is a display of the 

signals connected to the inputs of the sampling 
vertical, horizontal components consisting of a time 
referenced sweep signal and a signal known as sweep 
gate. The function of the 230 is to translate the 
analog signals from the sampling plug-ins into digital 
form. Thus the Type 230 is basically an analog to 
digital converter. As an A to D converter, the Type 
230 uses conversion methods which are similar to many 
other types of A/D devices. However, since the analog 
signals from the sampling plug-ins are in a special 
form, the Type 230 also contains certain circuits 
which are unique. The Type 230 is capable of making 
automatic digital measurements of either voltage or 
time, related to the analog input signals. 


The time measurements are, generally speaking, either 
based upon time between amplitude percentage points 
on a Signal or time between pulses on one or two 
waveforms. The voltage measuring capability is 
confined primarily to making amplitude measurements 
from a zero reference or base line to a selected 
point on the waveform. All functions of the Type 
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230 are programmable, making the instrument 
appropriate for applications requiring a variety of 
measurements to be made in rapid sequence. It may 
also be programmed from the front panel controls but 
in a system these controls are usually used for 
equipment setup and/or equipment status examinations. 


The six Nixie* tubes in the upper center of the control 
panel provide the digital readout of the measurement 
made. The Nixies display from left to right, E, +, 

-, four digits and units of measure. In addition, 
illuminated decimal points are used. For example, for 
a particular measurement the readout might be +01.00 
usec. At the end of a measurement period the 
instrument always displays the results. In addition, 
rear panel connectors provide outputs to external 
equipment. The rear panel outputs provide the digital 
information in a modified binary coded decimal format. 


To the left of the Nixie indicators is the 
MEASUREMENT MODE switch. Four modes are available: 
TIME, A VOLTS, B VOLTS and EXTERNAL PROGRAM. In the 
TIME measurement mode, the Type 230 is capable of 
performing an A/D conversion between any two 
selected points on the waveform display of the Type 
R568 Oscilloscope CRT. The A VOLTS measurement 
enables a voltage measurement to be made on the 
signal which Channel A of the vertical plug-in is 
displaying. The B VOLTS signal allows measuring 
voltage on Channel B input to the vertical plug-in. 
With the MODE switch in EXTERNAL PROGRAM (which will 
be the normal position in a system) all front panel 
controls are disconnected (with three exceptions 
mentioned later). Normally, in EXTERNAL PROGRAM 
mode, the program to the Type 230 will come from 
either the Type 240 Program Control Unit or the Type 
241 Program Control Unit. 


Just below the Nixie readout area we find five 
controls labeled TIME MEASUREMENT START POINT. Just 
below those are five more controls labeled TIME 
MEASUREMENT STOP POINT. Since the START and STOP 
POINT switches are similar, we will describe the 
START section. The control on the left is labeled 
CHANNEL. With the switch in the A position, the 
Time Measurement will start on Channel A. With the 
switch in B position, the Time Measurement will 
start on Channel B. "A" and "B" again referring to 
Channels A and B of the dual trace vertical sampling 


*Reg. Trade Mark of the Burroughs Corporation. 
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plug-in. To the right of the CHANNEL switch are the 
TIME MEASUREMENT START POINT selection switches. 

Four levels are available. The Time Measurement 

may start on the basis of a selected % BETWEEN ZONES, 
a number of mm ABOVE 0% ZONE, a number of mm BELOW 
100% ZONE or a selected number of HORIZONTAL mm FROM 
SWEEP START. To the right of these switches we find 
a dual concentric dial switch arrangement with 
display window which can be set to read anywhere from 
00 to 99. To the right are two switches labeled 
SLOPE. One is labeled with a+ and -. With this 
switch in the "+" position, the Time Measurement will 
start on a positive slope signal. With the switch in 
the "-" position, the Time Measurement would start on 
a negative slope. The other switch labeled 1ST, 2ND 
determines whether the measurement begins on the 
first or second slope of the display. See Fig. 8-2 
for slope definitions. 


With the START switches positioned as they are in the 
photograph in Fig. 8-1, the Time Measurement Start 
Point is set as follows: 


Channel A: 10% Between zones, first positive 
slope. 


1st +SLOPE 2nd +SLOPE 
1st -SLOPE 2nd -SLOPE 


Т 
=) ЕЕ 
CAT 
POSITIVE PULSE ПИ 
NEGATIVE PULSE ALL Je LC 
IAL tf EAL TA 
TE SE 
CC 


1st +SLOPE 
Ist -SLOPE 2nd -SLOP 





















2nd +SLOPE 


Fig. 8-2. Pulse slope definitions. 
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Fig. 8-3. Three types of intensified zones. 


The TIME MEASUREMENT STOP POINT controls read: stop 
on Channel A, 90% between zones and on the first 
positive slope. For a pulse input signal, the 
settings of the START and STOP controls will result 
in a risetime measurement. The measurement known 
as risetime is defined as "the time between 10% and 
90% of the amplitude of the signal." 


Before such a measurement can be made, the Type 230 
must be informed what the voltage level of the 
signal is for 0% and 100%. The 0% and 100% voltage 
level information is made available to the Type 230 
by means of reference zones. Examine the controls 
immediately to the left of the TIME MEASUREMENT 
START and STOP POINT controls. We find them 
labeled CHANNEL A REFERENCE ZONES and CHANNEL B 
REFERENCE ZONES. CHANNEL A and CHANNEL B controls 
are duplicates. The zone position is indicated by 
an intensified portion of the CRT trace on the 
R568. See Fig. 8-3. The CHANNEL A and B REFERENCE 
ZONE controls determine the position of the zones 
on the trace. Two zones per trace are required; 
one for 0% and one for 100%. 


The POSITION controls are dual concentric switches 
which allow the intensified zones to begin anywhere 
on screen in 1/2 cm increments. That is, the 0% 
zone (utilizing the outer most knob) can be 
positioned at the 0 cm point of the sweep, the 0.5 
cm point, the 1 cm point, the 1.5 cm point and so 
forth up to the 9.5 cm position. The same is true 
for the 100% zone. 








zone width 


memories 


CRT 
intensifi- 
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The switches to the right, one labeled 0% WIDTH and 
one labeled 100% WIDTH, control the width of the 
intensified zone on the screen. Four choices of 
widths are possible. The zone width can be set to 
be 0.3 em, 2 cm, 4 cm or 10 cm. The 2, 4 and 10 cm 
WIDTH positions may or may not be possible, 
depending upon where the start of the zone is 
positioned on the screen graticule. For example, 
supposing 0% WIDTH is set to be 2 cm but the 
beginning of the 0% ZONE is set at the 9 cm 
graticule point. The sweep is 10 cm long; it would 
be impossible, therefore, to have a zone width of 

2 cm under this condition. The actual result will 
be that beginning at the 9 cm marker the trace 
would intensify and remain intensified until the 
end of the sweep. This is especially true for the 
10 cm WIDTH position. The only possible 10 cm zone 
width is with the zone start positioned to the O cm 
point. 


The zone signals which intensify the trace are also 
used to gate four Sample and Hold circuits inside 
the Type 230. Tektronix calls these Sample and 
Hold circuits "memories." Two are called the A and 
B OZ memories, and two are called the A and B 1007 
memories. When they are properly positioned with 
respect to an input signal, after one sweep the 0% 
memory will contain the level which has been 
selected to be 0%. The 1004 memory will contain 
the voltage level corresponding to the selected 
100% point. Once these two memories are charged, 
the Type 230 is in a position to determine what the 
voltage levels are for 10% and 90% of the signal. 
With this information the Type 230 can proceed to 
make a measurement. 


Just above the REFERENCE ZONE switches are two 
switches labeled CRI INTENSIFICATION. The control 
labeled REFERENCE ZONES can be set so that both 0 
and 100% zones are intensified on both traces, only 
the 100% zones, only the 0% zones or no zones are 
intensified. To the right the TIME MEASUREMENT 
switch allows a special intensified signal to appear 
on the screen. If the Type 230 is making a time 
measurement and this switch is in the ON position, 
the trace on the CRT of the Type R568 will intensify 
over the portion of the signal which is being 
measured. For example, if we are measuring the 
risetime of the signal, the intensified zone would 
begin at the point where the signal crosses the 107 


132 


measurement 
averaging 


display 
time 


triggered 
measurement 





level and would end where the signal crosses the 
90% level. This is illustrated in Fig. 8-3. This 
zone does not appear with the switch in the OFF 
position. 


To the left of the CRT INTENSIFICATION switches is 

a single switch labeled MEASUREMENT AVERAGING. The 
switch can be set to either 1 or 8. If the switch 

is in the 1 position, the measurement will be 


ower 
made 1 time only. If the switch is in the 8 an 
position, the measurement will be made 8 times and 
the final display on the numerical readout tubes 
will be the average of the 8 readings. A one-time 
measurement may be in error because of the nature ready and 
of sampling and the presence of noise, and because externa | 


a counter of any kind is always subject to a hold 
possible error of +1 count due to gating problems. 

For critical readings the measurement may be made 

8 times which will usually average out any random 

noise or +l count measurement errors. | 


To the right of the numerical readout tubes window 
is the DISPLAY TIME control. This uncalibrated 
control determines the time duration of the digital 
display. Once a measurement has been completed and 
the digital reading is made available, the DISPLAY 
TIME control determines how long that results will 
be seen. The control allows the display to be 
varied from about 0.01 sec to 15 sec. When the 230 
is operating as part of a system which includes a 
printed readout of each digital measurement, the 
DISPLAY TIME control will usually be set for minimum 
time (ccw). On the other hand, when being operated 
from the front panel, the operator may extend the 
display time long enough to be able to note the 
reading. With minimum display time, the digital 
readout is available for only 10 ms. This is too 
short a time for human senses to react and determine 
what the reading is. The DISPLAY TIME control 
function is not duplicated from an external program. 
This means it always determines the approximate 
display time whether or not the 230 is externally 
programmed. 


limit 
switches 


To the right of the DISPLAY TIME control is the 

TRIGGERED MEASUREMENT switch. It is used only when 
the 230 is externally programmed. With this switch 
ON the Type 230 will not make a new measurement 
until a trigger is received. If the TRIGGERED 
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switch is in the OFF position, whether or not it is 
in external program mode, the 230 will self-determine 
when the next measurement is to be made. For all 
practical purposes, whenever the 230 is being 
operated externally, the TRIGGERED MEASUREMENTS 
switch must be placed in the ON position. Again, 
this switch is not an external programmed function. 


To the right, we find the POWER ON-OFF switch 
determining the operation of the instrument. This 
switch is not duplicated externally. 


Just below are front panel indicator lamps labeled 
EXTERNAL HOLD and READY. The READY lamp comes on 
whenever the Type 230 is ready to make a new 
measurement but is waiting to receive a trigger. 
This is an operating aid which helps the operator 

to determine what the status of the 230 is. The 
EXTERNAL HOLD light has a similar function. However 
in this case, it tells the operator that the 230 is 
being held due to an external signal. The EXTERNAL 
HOLD will normally be done by devices such as an 
external printer. Mechanical printers take 
considerable time to do their printing. In order 
that the Type 230 will not change its display before 
the external printer has a chance to print the last 
reading; the printer will be connected back to the 
230 via an External Hold line. As soon as the 
external printer is told to print results, it will 
ground the External Hold line. The 230 will remain 
in a locked-out state holding the last display until 
the External Hold line is released by the printer. 
This will occur as soon as the printing is 
completed. Whenever the External Hold is on, the 
light illuminates, notifying the operator that an 
external hold action has been made. 


Just below the EXTERNAL HOLD and READY lights are 
two sets of controls labeled UPPER LIMIT and LOWER 
LIMIT. Each set consists of four dial switches 
which can be set to read an upper limit number and 
a lower limit number. After the Type 230 has 
completed a digital reading, automatic circuitry 
inside the 230 will compare the digital reading 
against the readings placed in both the UPPER LIMIT 
and LOWER LIMIT switches. For example, should the 
reading be 0100 and the upper limit be 0110 and the 
lower limit be 0090, the digital reading is between 
the two settings. In this case, the indication 
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that the reading is within limits is given by means 
of one of the three indicator lamps just to the 


left of the limit controls labeled ABOVE UPPER LIMIT, 


WITHIN LIMITS and BELOW LOWER LIMIT. The WITHIN 
LIMIT lamp is colored green, and for the case cited, 
would illuminate and remain illuminated during the 
entire display time. If the upper limit had been 
0090 and the digital reading 0100, the red ABOVE 
UPPER LIMIT light would be on. If the LOWER LIMIT 
switches had been placed to 0101, a digital readout 
of 0100 would be below the lower limit and the 
yellow BELOW LOWER LIMIT lamp would be on. 


The thousands digit switch is specially marked with 
8 positions: +3, +2, +1, +0, -0, -1, -2 and -3. This 
permits the limits to include the reading of the + 
Nixie. The LIMITS circuitry of the 230 interprets 
the limits settings according to the laws of algebra. 
Recall from basic algebra that negative numbers are 
considered to be numbers less than zero. Thus -0110 
is smaller than -0090 or -0100. Suppose the limits 
are set at: Upper -0020 and Lower -0040. Now if 
the digital readout is -0050 which lamp is on? The 
yellow lamp because -0050 is less than -0040. 


Used within a system, the 230 LIMITS circuitry 
allows a device to be graded or checked against 
predetermined limits and discarded, or sorted 
according to the test results. The UPPER and LOWER 
LIMIT switches are externally programmable. 


The back panel of the Type 230 also appears in Fig. 
8-1, with the integral power cord and line voltage 
selector assembly which are common to all modern 
Tektronix equipment. On the right hand side, notice 
six connectors; J 301 is a readout connector. The 
digital values of a reading are made available to 

J 301. If an external print device is being used, 
it will be connected via J 301. J 201, 202, 203 

and 204 are the external program input plugs. These 
would normally be connected to the Type 240 or 241 
within the system. J 101 connects to the Type R568 
Oscilloscope. All of these jacks have the same 
number of contacts and are keyed so that wrong 
inter-connections cannot be made. 


A partial block diagram of the Type 230 in Time 
Measurement mode appears in Fig. 8-4. The 
principal signals from the block labeled R568 are: 
R568 Gate (which is time coincident with the R568 
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Partial block diagram of 230 in time measurement mode. 


Fig. 8-4. 
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sweep), A (vertical) Signal, B (vertical) Signal, 
Sweep and Clock. The Clock signal is a series of 
pulses, one pulse per sample taken in the sampling 
system. Recall from Chapter 6 the discussion of 
sampling theory that each time a sample is taken, 
an additional increment of equivalent time is added. 
Since this is true, when the start of a count is 
signaled, the counters by counting Clock signals 

can measure time intervals. The Gate, Sweep, A 
Signal and B Signal connect to a plug-in card of the 
230 known as the "Buffer" card. The Buffer card 
provides a convenient means for future updating of 
the 230 to make it compatible with any new type of 
sampling system which might be developed. 


СРО: 
description 


The A and B vertical signals are generated in the 
vertical plug-in with an amplitude of 1 V/cm of CRT 
vertical deflection with an added DC offset. When 
the trace is centered on the screen, the DC level of 
either A or B signal will be +10 volts. This means 
that with the trace at the top of the screen, the DC 
level would be +14 volts; with the trace at the 
bottom of the screen, the DC level would be +6 volts. 
For the Type 230 the Buffer card attenuates the 
signal change to 1/2 V/cm and also offsets the DC 
level. With the trace at the bottom of the screen, 
the DC level of the signal out of the Buffer card is 
OV. With the trace at the top of the screen, the 
DC level is +4 V. Since there are 8 cm of vertical 
deflection available, 1/2 V/cm deflection requires 

4 volts. 


The R568 sweep is actually the staircase signal from 

the sampling time base. The overall amplitude change 

of the staircase ramp is from 0 V to approximately 

+50 V. Within the 230, the staircase is called the 

Sweep Ramp. When viewed with a test scope so as to 

view the entire 50 V amplitude in a single display, 

the 0-50 V amplitude staircase has steps which are 

so small that they are not discernible. When so averaging 
viewed the staircase looks like a ramp. mode 


The principle output signals from the Buffer card 
are Gate, A Signal, B Signal and Sweep Ramp. Sweep 
Ramp quiescently sits at +50 V and runs down to 0 V. 
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The A Signal couples to the A Memory block. This 
block contains both the 0% and 100% Memory circuits. 
Fach of these Memories is gated on by a Zone Gate 
signal generated in the A Zone Generators block. 

The inputs to the A Zone Generators are Zone Width, 
Zone Position, Gate and Sweep Ramp. The Gate 
signals are generated by a Comparator circuit which 
compares the DC level from the Zone Position control 
against the Sweep Ramp. The Sweep Ramp represents 
10 cm of deflection. Assume the 0% zone is to 
appear at the 1 cm graticule line. With this 
position programmed, the position control would be 
supplying +45 V DC. When the Sweep Ramp runs and 
crosses the +45 V level, the Comparator switches 
and causes the Zone Gate signal to begin. This 
couples to the Memory block turning on the Memory 
circuit at that point. The Memory, which is 
essentially a gated capacitor, is connected to the 
A Signal. The Memory capacitor is charged to the 
approximate level of the signal on the screen. 


Assuming that the Memory Zone Width has been set to 
0.3 cm, and that the sweep is running at the rate of 
100 samples per cm, 30 samples will occur during 
gate time. This means that the Memory capacitor 
will be connected to the vertical signal, A Signal 
in this case, for 30 samples. This allows ample 
time for the Memory capacitor to be charged to the 
level of the signal during gate duration. 


The same sequence of events would occur for A 1007 
Memory. The gate is generated by a separate zone 
generator comparator. A 100% position DC voltage 

is supplied to the comparator. When the sweep 
reaches the programmed level at which the zone is to 
start, the comparator will switch generating the 1007 
zone gate signal. This turns the A 1007 Memory 
circuit on, which is again essentially a capacitor. 


The Memory capacitors may be caused to charge in 
one of two possible modes. The nature of sampling 
is such that there are small random noise 
differences from one sample to another. Because of 
this random noise, it is often desirable to charge 
the Memory to the average level of the samples 
during gate time. This is what happens with Memory 
in Averaging mode. There is no separate Memory 
Averaging control. Whenever a Memory Zone Width is 
set to be 0.3 cm, the Memory will automatically be 
in the Averaging mode. 
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On the other hand, whenever the Memory Zone Width 

is set to be 2, 4 or 10 cm, the Memory mode is 
automatically in Peak mode. When either A or B 0% 
Memory is in Peak mode, the 0% Memory capacitor will 
be charged to the most negative or least positive 
sample which occurs during gate time. On the other 
hand, the 100% Memory will charge to the most 
positive sample during the 100% zone gate time. The 
fact that the two Memories may be operated in Peak 
mode makes possible peak-to-peak voltage measurements 
within the 230. 


Once the Memory capacitors have reached their charge, 
an output signal is made available from each Memory. 
These levels represent the DC levels of the signal 
during gate time. These signals are connected to 

two blocks which are labeled Start Comparator and 
Stop Comparator. 


offset 
generator 


The Type 230 takes one complete sweep in order to 
charge the Memories. This means that to make a 
complete measurement, a minimum of two sweeps are 
required. We always require a sweep to allow the 
Memories to find out the levels that are to 
represent 0 and 100%. Once the Memory Charging 
sweep has run, the next sweep may be used to make 
the measurement. When we are referring to the first 
of these two sweeps, we will call it the Memory 
Charging sweep. When we are talking about the 
second sweep, we will call it the Measure sweep. 


When Measure sweep begins to run, the vertical 
signal is applied to the Start Comparator and the 
Stop Comparator. In addition, a DC level which is 
called Offset Level is applied to each of the 
comparators. See Fig. 8-5. The Start and Stop 
Comparators do the following: When the Start 
Comparator switches, it sends a signal to a gating 
circuit which allows the clock signals, which are 
to be counted, to pass into the Counting circuits. 
When the Stop Comparator switches, it sends a 
signal to the gating circuit stopping the Counting 
circuits. The number of counts accumulated by the 
Counter in the interval between start and stop 
represents the measurement made. 


During Measure sweep as the vertical signal crosses 
the Start Offset DC level to the Start Comparator, 
the Start Comparator switches signaling the Counting 
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circuits to begin counting. Whenever a time 
measurement is made, the Time Clock provides the 
signal which goes to the counters. At a later time, 
as the vertical signal crosses the Stop Offset DC 
level to the Stop Comparator, the Stop Comparator 
will switch signaling the Counting circuits to stop 
the count and display the results. | 


The Start and Stop Comparators actually contain two 
major sections as shown in Fig. 8-5. Within each of 
the Comparators, we have an actual Comparator 
circuit and another circuit known as an Offset 
Generator. The Offset Generator portion of each 
Comparator, utilizes the DC levels from the O and 
100% Memories to develop an offset voltage. In the 
case of a risetime measurement, the Start Offset 
would be a voltage level representing 10% of the 
difference between the O and 1007 Memory. The Stop 
Offset Generator for the risetime example would be 
set to generate at a DC level equal to 90% of the 
difference between the O0 and 100Z Memory levels. 

As shown in Fig. 8-5 the output of the Start 
Comparator and the Stop Comparator connects to the 
Clock Card. This card performs the gating function 
to the counters. i 


The waveform ladder diagram shown in the inset of 


Fig. 8-5 illustrates the time relationships. As 
the vertical signal crosses the 10% level from the 
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Start Offset Generator, a negative-going pulse comes 
from the Start Comparator. Later when the vertical 
signal crosses the DC level from the Stop Offset 
Generator, the Stop Comparator switches sending a 
signal to the Clock Card also. 


Recall from the front panel discussion that a 
decision had to be made for whether to make a 
measurement on a positive slope or a negative slope. 
The decision is actually made on the Clock Card. 

The sequence just described applies for a first 
+Slope Start and Stop. Circuitry on the Clock Card 
is actuated by the negative edge from the Start 
Comparator and the count starts. Later when the 
negative edge from the Stop Comparator occurs, the 
count stops ending the measurement. 
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When a first -Slope measurement is to be made the 
sequence of events changes. Programming '-" Start 
and "-" Stop changes the Clock Card circuits so that 
the count starts with a positive edge from a 
Comparator. The count stops with a positive edge 
signal from a Comparator. See Fig. 8-6. With the 
zones positioned as shown, the 10% and 90% levels 
are determined. Since the Clock Card is not 
actuated by negative edge signals from the Comparators 
in this mode, nothing happens when the Comparators 
switch on the positive slope of the CRT display. 

The first positive edge signal comes from the Stop 
Comparator. The Clock Card gates clock pulses to 
the counters at that time. The second positive edge 
to the clock comes from the Start Comparator. This 
edge stops the measurement. 


From the above, we see that the Start and Stop 
Comparators are (in a sense) misnamed. Measurements 
can begin and end with signals from either of the 
two comparators. Circuitry on the Clock Card 
actuates the + Indicator Nixie. If a measurement 
begins with a pulse from the Start Comparator, the 


Nixie will always show "+." If a measurement begins 
with a pulse from the Stop Comparator, the Nixies 
display "-."" For Fig. 8-5, "+'' would show. For 
Fig. 8-6, a '"-" shows. In these two examples, the 


+ indication shows the slope being measured. The 
display of Fig. 8-6 might be -0180 ns. Since it is 
a time measurement, the - does mot indicate negative 
time but rather slope information. 


If two or more complete waveform cycles are present 
on the CRT screen the programmer has a choice of 
starting the measurement on the first or second 
slope. If the measurement is to start on the first 
positive slope, the first time a negative edge 
output occurs from the Start Comparator the count 
will begin. If on the other hand, the start is 
programmed on the second positive slope, then the 
first negative edge from the Start Comparator will 
be ignored on the Clock Card. The measurement will 
begin with the second negative edge output from the 
Start Comparator. 


From the time the Start Comparator switches until 
the Stop Comparator switches, the Clock Card will be 
passing the Time Clock signals to the Counters. The 
Counters will be accumulating the total number of 
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counts. Suppose here that the actual count interval 
occupies one cm of horizontal distance on the CRT. 
With the sampling system running at 100 samples per 
division, during the count interval the Counters 
will accumulate a total count of 100. At the end of 
the measurement the Counters would have the number 
0100 stored. 
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In order for this number to have any meaning, the 
time value for each sample must be given to the 
Type 230. This information is supplied from the 
time base plug-in. The time base plug-in will ground 
certain lines which tell the Counter circuitry what 
qualifying the unit of measure is and where the decimal point 
count belongs. For example, if the sampling time base is 
running at 1 us per division, each sample equals a 
time increment of 0.01 us or 10 ns. The Counter 
will simply place the decimal point at the right 
place to convert the 100 counts to read 1.00 us. 


READ TENS LINES (4) 
READ UNITS LINES (4) 














READ THOUSANDS LINES (2) 
READ HUNDREDS LINES (4) 


4 LINES 


HUNDREDS THOUSANDS 
| NIXIE NIXIE 





+10 
COUNTER 


zaj 
< 
> 
O 
Lu 
C 


DECODER 


o 
Е 
Q 
Q 
с 


THOUSANDS 
THOUSANDS 
STORAGE 
REGISTERS 
(2) 





Earlier A to D converters manufactured by Tektronix 
operated on an alternating measure display cycle. 
The 6R1A first made a measurement during which time 
no display was made and afterwards displayed the 
results during which time no new measurement could 
be made. 
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The Type 230, on the other hand, overlaps these two 
conditions. For the first measurement of a series 
only the Counters will accumulate the measurement. 

overlapping At the end of the measure period a signal is 

routines automatically generated which causes the output of 
the Counters to be transferred into Storage 
Registers. The Storage Registers in turn drive 4 
line BCD to 10 line decimal decoding IC's which 
connect to the digital Nixie cathodes. This means 
that the Storage Registers always contain the 
numbers accumulated during the last measurement. 
While the Registers display the last measurement the 
Counting circuits are free to make a new measurement. 
Thus considerable time can be saved over the older 
alternating routine. 
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Simplified block diagram of Type 230 
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A block diagram of the Counters, Storage Registers 
and Nixies appears in Fig. 8-7. Reset and Register 
Set signals are generated on the Synchronizer Card. 
Just before a new measurement is made, Reset resets 
circuit all Counters to zero. When Gated Clock Pulses 
description appear, the Counters accumulate the total. When a 
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measurement ends, the Register Set signal clocks 
all Storage Registers to store the BCD output bits. 
At this time the Nixies display the results. Until 
the Register Set pulse occurred, the Nixies were 
displaying the former measurement results. The 
Storage Registers also drive the readout lines for 
external readout and the Upper and Lower Limits 
Comparison circuitry. Until the Storage Registers 
receive the results of the last measurement, the 
red, green and yellow limits lights cannot come on. 


The Counter circuitry of the Type 230 is so arranged 
that under no normal condition can the actual count 
into the Counters exceed 2000. The outputs of the 
Counters are transferred to the Storage Registers 

in BCD negative logic format. The Units Counter 
requires four lines, the Tens Counter four lines 

and the Hundreds Counter four lines for readout. 

The Thousands Counter can count only 0, 1, 2 or 3 
which requires only two lines. A total of fourteen 
lines are required to transfer the digital information 
to the Storage Registers. This digital count when 
stored in the Storage Registers is not only made 
available to the Nixie tubes via the decoding IC's 
but also connects to J 301 on the back panel of the 
Type 230. 


Figure 8-8 shows a wiring diagram for J 301. The 
first two lines are labeled Read Plus and Read Minus. 
One of these two lines will be at ground indicating 
either the plus sign or the minus sign is illuminated 
on the front panel of the 230. Below these two lines 
are Read 2000 and Read 1000 which are the two lines 
from the Thousands Counter. Next, four lines from 
the Hundreds Counter, four lines from the Tens 
Counter and four lines from the Units Counter. 

Below are three lines, Read x1071, х10-2 апа Х10-“. 
These three lines give the position of the decimal 
point. The next five lines read out the units of 
measure of the measurement. Below are three lines, 
Read Red, Read Green and Read Yellow which connect 
back to the Limits Comparators and provide an external 
reading of the results of the limits comparison. 


In addition, two signals are made available to an 
external device. These are External Hold and Print 
Command. Print Command is a signal which is generated 
on the Synchronizer Card at the end of a measurement 
period. It is utilized only by external circuitry. 
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An example would be the use of an external printer. 
The printer, when Print Command arrives, is 
signalled that a new measurement is available and 
to begin its printing cycle. The printer will 
automatically ground the External Hold line at the 
beginning of its print cycle. With this line 
grounded the Type 230 will be locked in the display 
mode. Until External Hold is removed the digital 
readout will not change. Therefore, external 
printers which are usually quite slow in relation to 
the measurement speed of the Type 230 will have 
sufficient time to complete the print out. After 
print completion the External Hold line ground is 
removed allowing the 230 to proceed to the next 
measurement. 
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Fig. 8-8. J 301 wiring diagram. 
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When making a voltage measurement the Type 230 
operates in a somewhat different fashion from its 
operation in a time measurement. The Memory 
Charging sweep sequence is exactly the same as the 
sequence when making a time measurement, but during 
the Measure sweep entirely different operations take 
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level of +6 V. Recall from previous discussion that 
the V/cm levels vertically are one half V/cm. This 
means that at the top of the screen the vertical 
signal DC level would be plus 4 volts. With the 
ramp beginning at minus 1 volt and running up to 
plus 5 volts the Voltmeter Ramp runs through all 
possible DC levels for the vertical signal. When 
the vertical signal is positioned off screen clamping 
circuits come into play in the Buffer card which 
limit the signal swing to +5 volts (above screen) 
and -1 volt (below screen). 
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Fig. 8-10. Waveform ladder diagram of important 
signals (230 in voltmeter mode) 


A waveform ladder diagram for the Type 230 operating 
in Voltmeter mode appears in Fig. 8-10. When making 
a voltage measurement, the 230 will almost always be 
making a measurement from the 0% to the 100% 

voltage levels. For our explanation therefore, we 
use an amplitude measurement as an example. The 
zones would typically be set with the 0% zone on the 
base line and the 100% zone on the peak of the 
waveform. At the end of the Memory Charging sweep, 
the Memory levels would represent 0% and 100% of the 
Signal. During the Measure sweep as soon as the 
sweep starts the Buffer card will begin to generate 


Voltmeter Ramp. Assume the ramp slope to be 5 mV/us. 


When Voltmeter Ramp crosses the 0% Memory level, the 
Start Comparator will switch and send a Start Count 
Signal to the Clock card. When the ramp crosses the 
100% Memory level, the Stop Comparator would switch 
sending a Stop Count signal to the Clock card. 


The Clock card does not pass Time Clock pulses to 
the Counters in this mode. On the Clock card an 
accurate 1 MHz oscillator is turned on during 
voltage measurements. These 1 us Clock pulses are 
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gated to the Counters. Since the rate of rise per 
microsecond of the ramp is known, the number of 1 us 
Clock pulses counted between the Start and Stop 
signals immediately allow us to determine the exact 
voltage difference between these two levels. Suppose 
that the 0% Memory level was +1 V and the 100% Memory 
level was +3 V. At the 5 mV/us slope of the ramp, 
400 us would pass between Start and Stop levels. The 
Counters would accumulate 400 of the 1 us Clock 
pulses during the measurement. The 400 counts would 
be scaled to the proper range for the sensitivity 

of the vertical plug-in. In a sense we have measured 
the area under the curve of the Voltmeter Ramp 
between the Start level and the Stop level. 


The reason for having three different Voltmeter 

Ramp slopes carries us back to the basic sensitivity 
ranges of the vertical plug-ins. Examination of 
these ranges shows that they run inal, 2, 5 
sequence. If the signal were 1 cm high on the screen 
and the mV/cm setting is 100 mV/cm then the voltmeter 
should read 100 mV. Using 5 mV/us in the 1 setting 
of the V/cm circuitry we find the 1 cm high signal 
has a 0.5 volt amplitude. Dividing 5 mV into 0.5 
volts gives the result 100 which means that 100 
counts would go into the Counter between Start and 
Stop. 


On the other hand, suppose the vertical is programmed 
to 200 mV/div. The same 100 mV input signal would 
result in 0.5 cm deflection between Start and Stop. 
If we used 5 mV/us for the ramp slope, the actual 
count into the Counters would be only 50. This would 
not be a correct reading. 


By using a 2 1/2 mV/us ramp on the other hand, the 
time between Start and Stop on this slower ramp will 
allow 100 of the 1 us Voltmeter Clock pulses to pass 
into the Counters. This would result in the correct 
reading for the 100 mV signal. 


In a similar manner, if the 100 mV input signal is 
applied to the plug-in and the mV/cm is set for 50 
mV, a 2 cm display would result. Obviously using 5 
mV/us for Voltmeter Ramp would result in a count of 
200 in the Counter which would be in error. Using 

10 mV/us slope gives the correct result of 100 counts 
into the Counter. Thus by properly choosing the 
Voltmeter Ramp slope the proper voltage measurement 
may be made. 
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A third mode of operation for the Type 230 is shown 
on the front panel START and STOP switch positions 
labeled HORIZ mm FROM SWP START. In this case the 
block diagram for the Start and Stop Comparators is 
quite similar to the block diagram used in the 
voltmeter position. See Fig. 8-11. Тһе Start and 
Stop Comparators are programmed in this mode to 
generate an offset with respect to O V. The moving 
signal which is coupled to both Stop and Start 
Comparators is the 0 to 5 V Sweep Ramp from the 
Buffer card. Assume we program the A Start 1 cm 
from Sweep Start. This program will cause the Start 
Comparator Offset Generator to generate a voltage 

of +0.5 V. The Sweep Ramp beginning at zero volts 
will cross the 0.5 volt level exactly as the beam is 
moving past the 1 cm marker on the screen. 

(Remember that horizontal centimeters are equal to 
0.5 V/cm.) The Start Comparator switches causing 
the Counter to begin counting. In this mode the 
Time Clock from the sampling time base will always 
be the signal to be counted. If the 230 is 
programmed to stop at the 5 cm from Sweep Start, for 
example, the Stop Comparator Offset Generator will 
be generating an offset voltage of +2.5 V. When 
the Sweep Ramp crosses +2.5 V the Stop Comparator 
switches, generating the Stop signal. 


Between the first centimeter and the fifth 
centimeter, four centimeters of sweep have occurred. 
Recall that the sweep runs at 100 samples/cm. This 
means that a total of 400 counts have entered the 
Counter. The 400 counts will be scaled according to 
the Time/cm setting of the sampling time base. 
Suppose that the Time/cm setting is 10 us/cm. The 
period counted occupies four centimeters. The 
Counters with 400 counts stored may be easily scaled 
to readout 40.0 us. 


On the other hand, supposing the setting were 50 
us/cm. In this case the number of counts going 
into the Counter would still be 400 but four 
centimeters at 50 ms/cm should result in a count 
value of 200. To recap the situation: the raw 
count into the Counters would be 400 counts for the 
conditions mentioned. The desired count however is 
200 counts so that the digital reading must be 
scaled to give 200. An easy way of accomplishing 
this result would be to place a +2 flip-flop 
between the Clock circuit and the Counting circuit. 
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of its measurement modes a total of 105 lines are 
actually required. A program format for the Type 230 


This is essentially what is done. The +2 FF ahead 
of the Counters divides 400 by 2 giving 200. 


ии 


Placing the decimal point properly, the total programmed from a Type 240 appears in Fig. 8-12. The 
display would be 020.0 ms. characters indicated are for the standard Type 240 

i Shift Register. The discussion of external 
For a third example, let us suppose now that the | programming will concern programming the Type 230 via 
Time/cm setting is 20 us. Four centimeters at 20 | the Type 240 characters. The program characters 
us/cm should read 80 us. With an unscaled count within the Type 240 which program the 230 are 
into the Counter of 400 counts how do we reach a : characters 21 thru 46 and part of character 47. 
significant figure of 8? One method which could be | 
used places a programmable :5 circuit between the : Character 21 is concerned with the position of the 
Clock card and the input of the Counters. 400 | A Channel 0% zone. Character 21, bit 8 is labeled 
counts divided by 5 would be 80. Note however, this position 8. Making this bit true, positions the 
would be equivalent to losing 4 out of 5 samples | 0% zone 8 cm's from sweep start. Bit 4 positions 
with a resulting loss in resolution. A better the zone 4 cm's from sweep start, bit 2, 2 cm's 


method multiplies the 400 counts by 2, resulting in 
800 counts. This is precisely the method which is 






the final readout by 080.0 ms. 


28 POSITION .5 PEAK 4cm PEAK 2cm B CHOP 


Vertical scaling as well as horizontal scaling is 
required in order that the CRT display may be 
reconciled with the actual V/cm or Time/cm setting 
of the plug-ins. When making a voltage measurement, 
this scaling is done by selecting three different 
ramps. When making a time measurement this scaling- 
is done by varying the count ratio. 


used in the Type 230. A special circuit has been ) SUA BCD WEIGHT 

included which is energized whenever the Time/cm NO. 8 4 2 

circuitry is set to any factor of 2 such as 2 ms, 2a | osmina | 4 |] 2 [| r | 

20 ms, 200 ms and so forth. When energized this 22 of 

circuit multiplies the raw time clocks by 2, loading ASR He p een im S 

the Counter with double the number of counts giving 100% 

the proper time readout. In this case, with 400 [2 | positi~s | 4 | 2  #+| «| 

counts going to the Counter multiplied by 2 giving 0f 
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The Type 230 may be programmed from the front panel 

or from four external program connectors on the rear 
panel. The number of functions which can be 
programmed from the front panel is limited. The 
number of functions which can be externally programmed 
are limited only by the capabilities of the 230. 

This means that certain measurement modes not possible 
from the front panel controls may be made from an 
external program position. A total of 105 program 
lines are used by the Type 230. For any one 
particular measurement, generally speaking, no more 
than 25 or 30 of these lines will ever be used at 

one time. This does not mean that some lines will 
never be used. The 230 is so flexible in the choice 
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Fig. 8-12. Program format for the Type 230 programmed 
from the 240. 
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and bit 1, 1 cm. Character 22, bit 8, labeled 1 high 
position 0.5, when made true, positions the zone : usage 
1/2 cm from sweep start. These five bits are І nodes 


additive. Note particularly that if the 5 zone 
position bits are all false the zone will 
automatically be positioned at the beginning of a 
sweep. If the 0% zone is to be positioned 3.5 cm's 
from sweep start, bits 2 and 1 of character 21 and 
bit 8 of character 22 must be made true. 


Recall that the sweep is 10 cm's long. By making 
all bits true the position of the zone would be 
16.5 cm's from sweep start which of course, would 
place the zone completely off screen and would in | 
this case be meaningless. There is however, one A-chop 
special combination of zones called the Twelve 
position, which has a special significance. If the 
OZ zone is positioned 12 cm's from sweep start, of 
course the zone will not appear on the screen, but 
with these two bits made true a special line is 
energized which connects from the Zone Generator 

card over to the A OZ Memory card. This line called 
the Twelve line inhibits the discharge of a Memory 
prior to a new measurement. This special combination 
is used to help speed up the measurement capability 
of the 230. This function along with several other 
speedup functions in the programming format will be 
discussed separately below. 


Character 22, bit 4 is labeled peak 4 cm's. Bit 2 is 
labeled peak 2 cm's. These two bits control the 
width of the A 0% Memory. If neither bit is made 
true, the zone will be 3 mm wide and the A 075 Memory 
will automatically be in Averaging mode. Making bit 
2 true makes the zone 2 cm wide and automatically 
switches the Memory to Peak mode. Making bit 4 

true makes the Memory width 4 cm and places the 
Memory in Peak mode. Making bits 4 and 2 true makes 
the zone 10 cm wide. Stated differently, with Bits 
4 and 2 true, the zone width will extend to the end 
of the sweep. This corresponds to the 10 cm 
position on the front panel Memory WIDTH switch. 


Throughout the Type 230, the designers have 
considered that certain functions will be used the 
greater part of the time. Note that in the Memory 
width bits if neither bit 4 nor bit 2 is made true, 
the zone width is automatically in the 0.3 cm width 
position. The operator by doing nothing places the 
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instrument in the more commonly used modes. In the 
designer's opinion the greater number of measurements 
to be made with the Type 230 would be time 
measurements. Therefore, bit 1 of character 22 is 
the only bit which can take the 230 out of a Time 
Measurement mode. In other words, programming bit 

1l of character 22 true sets up the 230 to make a 
voltage measurement. Unless this bit is made true, 
the 230 is automatically in the Time Measurement 
mode. 


Character 23 provides the positioning for the A 1007 
zone. Character 24, bit 8 is the 1/2 cm position. 
Bits 4 and 2 control the width of the A 100% zone. 
Bit 1 is called A-chop. The A-chop bit energizes a 
special circuit within the Type 230 which is 
especially appropriate for use in automated systems. 
Referring back to Fig. 1-1, the block diagram for a 
Tektronix system, the Measurement block is connected 
to the Fixture block via signal acquisition probes. 
These probes are placed in the fixture area which 
can be remote from the main part of the system. 
Sometimes a voltage measurement is required which is 
referenced to fixture ground. A special switch is 
installed between the tip of the signal acquisition 
probe and the device to be measured. A simplified 
diagram for this switch appears in Fig. 8-13. The 
A-chop signal, when energized, sends a signal to 

the solenoid of Fig. 8-13 which connects the probe 
tip via the relay switch to ground. This will enable 
the 0% Memory to be charged to the ground level. If 
the probe tip were simply left floating because of 
contact potentials and long lines, etc., the 0% 
Memory could be charged several hundred millivolts 
above or below actual ground. 
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Fig. 8-13. Simplified probe chopper diagram. 
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B channel 
characters 


start mode 


The A-chop signal when at 0 V provides a ground for 
the relay. The A-chop signal will automatically 
gate 0 V at the beginning of each sweep. It 

remains at O V until the end of the first zone on 
either A sweep or B sweep. In other words, the 
circuits which generate both A and B chopped signals 
monitor a line which contains information signifying 
when a zone is present on either A trace or B trace. 
The first zone from the beginning of the sweep on 
either channel ends the chop signal when that zone 
ends. Since the 0% zones are usually positioned 
close to the beginning of the sweep, this normally 
means that the chop signal drive will go high at the 
end of the first 0% zone which appears. In order to 
prevent confusion whenever the chop signals are to 
be utilized, it is a good policy to position both A 
and B 0% zones at the beginning of both sweeps. 
Characters 25 and 26 are the same as characters 21 
and 22 except that they control the B 0Z zone. Bit 
1 of character 26 has nothing to do with the B 0% 
zone. It is called Measure Average. When this bit 
is made true the measurement will be taken 8 times, 
and divided by 8. Characters 27 and 28 are the same 
as characters 23 and 24 except they control the B 
100% Memory. Bit 1 of character 28 is B-chop enable. 
It performs the same function as bit 1 of character 
24, except it controls a chopper on the B channel 
signal acquisition probe. 


Characters 29, 30, 31 and 32 are the Measurement 
Start mode selection bits. Here again, if no bits 
are made true a certain measurement is automatically 
selected. Characters 33, 34, 35 and 36 have exactly 
the same format, however, here they are concerned 
only with the Measurement Stop mode. We will 
therefore discuss primarily the Start modes. 
Character 29, bit 8 is B Channel. If this bit is 
made true, the measurement will start on B Channel. 
If this bit is left false, we automatically are on 
A Channel. Bit 4 is labeled Horizontal mm. If 

this bit is made true, the 230 is automatically in 
the Horizontal mm From Sweep Start mode. Bit 2 is 
labeled % Between. With this bit made true any of 
the time measurements which are concerned with 
vertical percentages between 0% and 100% are enabled. 
Bit 1 is labeled mm Below. This particular mode 
enables the start of a measurement to be programmed 
in terms of millimeters below the Memory which is 
used as the reference for start. 
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Character 30, bit 8 is labeled Offset From 100. 

This is interpreted to mean that with Bit 8 made 
true the start will be determined by an offset in 
terms of either Z or mm above or below the 1007 
Memory. With this bit false, the start will 
automatically be offset from 0% Memory. Bit 4 is 
labeled Minus Slope. With this bit made true, the 
measurement will start on a minus slope. With this 
bit left false, measure automatically starts on a 
positive slope. Bit 2 is labeled Second Slope. 

With this bit true, the measurement will begin on 
the second slope and this bit false it automatically 
selects first slope. Bit 1 is a special bit which 
has nothing to do with the start of the measurement. 
This bit when made true will inhibit the reset of 
the Counting circuits of the 230. This may be 
enabled in order that two or three measurements may 
be made in consecutive order and the results added. 


Reviewing characters 29 and 30, if all bits are 
false, we automatically have a certain Start mode. 
This Start mode is A Channel, mm above, offset from 
the 0% Memory, positive slope, first slope. 


Character 31 is labeled Offset 80, 40, 20 and 10. 

If Measurement Start is programmed for mm offset, 
then this character determines the ten's value of mm 
cffset. The increments are percentages if one of 

the Z Start modes is selected. Character 32 is © 
labeled Offset 8, 4, 2 and 1. ТЕ determines the 
units value level. The bits are cumulative, that is, 
it is possible from the external program position to 
program 120 mm's of offset or 120% of offset. This 
could be done by making character 31, bit 8 and bit 

4 true. The cumulative total of all bits of 
characters 31 and 32 suggest the possibility of a 
total of 165 percentage points or mm of offset. 
Because of the manner in which the Offset 8, 4, 2 
and 1 bits are implemented within the Start Offset 
Generator portion, only 159 increments of offset 

are possible. Recall that there are only 80 mm 

of vertical deflection available. Therefore, calling 
for programming of anything greater than 80 mm would 
be calling for a measurement which is off screen. 

An off screen measurement in the Type 230 is not 
permitted. This leaves as the only other possibility, 
a percentage offset, and anything up to 159% of the 
difference between the two Memories can be 
programmed. 
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As previously stated, characters 33, 34, 35 and 36 
repeat the same format as characters 29, 30, 31 and 
32 with the exception of bit 1 of character 34, 
labeled External Scale. This bit has nothing to do 
with the Stop Measurement mode. When made true, | 
the internally selected scaling factors, as | 
determined by the sampling vertical and sampling 
time base plug-ins, are disabled. In this case the 
programmer may choose to scale the reading as he so 
desires. An example of where this might be required: | 
supposing that ahead of the signal probe a X2 | 
attenuator were connected. The operator, should he 
so desire, could automatically correct for the X2 
attenuator by rescaling the count to read the 
correct voltage at the input to the attenuator. 

The external scale bit is used with bit 8 of 
character 37, (external divide by two) and bit 8 of 
character 41, (external divide by five). In 
addition, characters 45 and 46 enable the placing of 
decimal points and the selection of the unit of 
measure. 


characters 
45 and 46 





Characters 37, 38, 39 and 40 select the upper limits 
for the Limits Comparator circuits. Character 37, 
bit 4, is labeled Minus. With this bit made true 
the upper limit will automatically be a minus 
limit; with the bit false the upper limit will be 
positive. Bit 2 of character 37 is labeled 2,000, 
bit l is labeled 1,000. Recall from previous 
discussion that the highest number ever displayed 
in the 1,000's position is 3; therefore, by 
selecting these two bits we can have the upper 
limits 1,000, 2,000 or 3,000. Character 38 
includes 800, 400, 200 and 100. These program the 
upper 100's digit. Character 39 programs the upper 
10's digit. Character 40 programs the upper l's 
digit. Characters 38, 39 and 40 are special in 
that they are restricted to BCD 8421 coding. 
Previously encountered characters could be 
programmed anything from 0000 to 1111. In this 
particular case however, only 8421 BCD code is 
allowed. Characters 41, 42, 43 and 44 are a repeat 
of characters 37, 38, 39 and 40, only referring to 
the lower limits. Bit 8 of character 41 is the 
external divide by 5 bit utilized with bit 1 of 
character 34, the External Scale bit. 
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Characters 45 and 46 are not wired in the standard 
Type 240. However, with a 240 assembled into a 
system at Tektronix, characters 45 and 46 are set 

up to provide external scaling of both the decimal 
point position and the unit of measure. For this 
reason characters 45 and 46 in our illustration 

are shown with the functions of external scaling 
they normally perform. Character 45, bit 8 is the 
decimal 1072 positioning bit. Bit 4 is the 10-3 
positioning bit. Bit 2 is the 1074 positioning bit. 
Bit 1 will light the V in the unit of measure Nixie. 
Character 46, bit 8 will light S in the unit of 
measure Nixie. Bit 4 will light M. Bit 2 will 
light the "u" sign and bit 1 will light the "М" 
sign. 


Twenty-six characters thus far discussed, with four 
bits per character gives a total of 104 bits. 
Recall that 105 bits were discussed as the number 
of external program lines available. The 105th 
line is found in character 47, bit 1 of the 240 
labeled High Speed. 


With the High Speed bit enabled, the Synchronizer 
card of the Type 230 enables special modes which 
can shorten the time that it takes to perform a 
measurement. The Type 230 has a measurement 
capability of up to 100 measurements per second. 
The nature of sampling is such that maximum 
sampling rate is 100 kHz (1 sample will be taken 
every ten us). On the other hand, should the 
repetition rate of the signal which is being 
sampled be lower than 100 kHz, the period between 
samples is determined by the period of the signal. 
For example, if the signal has a frequency of 1 kHz, 
only one sample can be taken per cycle of the input 
signal and the actual time between samples would be 
] ms. If this were the case, completing one sweep 
at the rate of 1,000 samples per sweep would take 
1,000 ms. Remember that it takes at least two 
complete sweeps to make a measurement, one to 
charge the Memories and one to make the measurement 
itself. Under these conditions, it would take 2 
seconds to make one measurement. 
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Fig. 8-14. CRT display showing a risetime measurement. 


There are three different methods by which the total 

measurement time of two seconds can be shortened. 

Ihe first of these is varying the dot per cm rate. 

The Type 230 takes two sweeps to make a measurement. 

One to charge the Memories and the second Measure 

sweep to make the measurement. During Memory 

Charging sweep the only time that is of any interest 

to the Type 230 is the time during which the 0% 

zone exists and the time which the 100% zone appears. 

Refer to Fig. 8-14. All other parts of the sweep 

are unimportant. Recall from the discussion of the 

Type 3T6 (Chapter 7) that two dot densities are 

possible. They are 100 dots/cm and 10 dots/cm. One switching 
way to save time for total sweep duration would be | sequence 
to run the sweep all the way across at 10 dots/cm. - for 
This would have the advantage of greatly reducing the | measure 
amount of time that it takes to complete a sweep. sweep 
In other words, at 10 dots/cm a complete sweep would 

only occupy 100 times 1 ms or 1/10 of 1 second. If 

this were done however, note that only three samples 

would occur during each zone time. This would 

drastically reduce the accuracy of the voltage levels 

in each Memory. 


Within the 230 on the Synchronizer card when the 
High Speed bit is made true, a special circuit 
switches the programmable sampling time base between 
10 dots/cm and 100 dots/cm. During Memory Charging 
sweep this circuit, called Dot Density Switching, 
proceeds as follows: (refer to Fig. 8-14) At the 
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beginning of the sweep, it switches to 10 dots/cm 
until the sweep arrives at the beginning of the 0% 
zone. As the zone appears, it switches to 100 
dots/cm, remaining there for three millimeters. At 
the end of the zone it switches back to 10 dots/cm 
and continues at 10 dots/cm until the sweep reaches 
the beginning of the 100% zone. At this point it 
switches to 100 dots/cm for three mm. At the end 

of the zone it switches back to 10 dots/cm and runs 
to the end of the sweep. Time wise this means 10 
dots for the first cm, 30 dots for the 3 mm of the 
0% zone, 7 dots between the end of the zone and the 
second cm marker, 30 dots between the second cm 
marker and the fifth cm marker, 30 dots for the first 
3 mm of the 100% zone, 7 dots from the end of the 
100% zone until the sixth cm marker and 40 dots from 
there to the end of sweep. This makes a total of 
154 dots for the complete Memory Charging Sweep. 


With this sequence of operation, we have saved time 
between the zones and yet preserved the 30 samples 


during zone times for best Memory resolution. Total 
elapsed time is 154 ms vs 1,000 ms if the Dot 
Density Switching were not possible. 

The following sweep is the Measure Sweep. If the 


instrument had to stay in the 100 dots/cm position 

it would again take 1,000 ms to complete the sweep. 
However, with High Speed energized the Synchronizer 
card will switch the programmable sampling time base 
dot density as follows: From the beginning of Measure 
sweep, it runs at 100 dots/cm until the end of the 
Measure zone which for this example occurs 38 mm from 
sweep start. This means that a total of 380 samples 
have been taken. At the end of the Measure zone, 

it switches to 10 dots/cm and continues to the end 

of the sweep. This makes a total of 62 dots. Тһе 
total number of samples for that complete sweep is 
442, for a total elapsed time of 442 ms vs 1,000 ms 
without Dot Density Switching. During the Measure 
sweep recall the Memories have already been charged, 
therefore, there is no need to switch back to 100 
dots/cm during zone time. It is only during the 
Measure time that the 100 dots/cm is required for 
best resolution. 


The total elapsed time for the two sweeps not 
counting holdoff between sweeps would be 596 ms vs 
2,000 ms without Dot Density Switching. Thus the 
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total measurement time using only the Dot Density 
Switching mode enables us to perform the complete 
measurement in about 3075 of the time it would have 
taken otherwise. 


The Synchronizer card energizes a second separate 
circuit function for High Speed which can be termed 
Sweep Reset. This mode will operate as follows: 
During Memory Charging sweep the sweep will continue 
as described before until the end of the 100% zone 
time. At that time all information required by the 
230 has been stored. The rest of that sweep, 
therefore, is not required. The Type 230 
automatically signals the sampling time base to end 
the sweep at that point. That is, the sweep will 
extend for 5.3 centimeters only. This has the 
result of requiring only 107 samples to complete 
that sweep. Compared to the figures in the Dot 
Density Switching mode, the last 47 samples will 
not be taken, thereby saving 47 ms. 


During the Measure sweep the Sweep Reset circuit 
operates as follows: At the end of the Start To 
Stop measure zone, the sweep ends. After the 
measurement is completed there is no need to trace 
out the rest of that particular sweep. The Measure 
sweep runs at 100 dots/cm from sweep start to 3.8 
cm, requiring a total of 380 samples for a total 
elapsed time of 380 ms. Both sweeps and the 
complete measurement have been completed in a total 
elapsed time of 487 ms. The total measurement time 
is less than 25% of the 2,000 ms it would have taken 
without the High Speed options. 


A third control signal from the Synchronizer card 
synchronizes the sweep of the sampling time base to 
the Type 230. Suppose the sampling time base were 
allowed to continuously run its sweeps. Recall 

that Type 230 requires two complete sweeps to make 
its measurement and that means that the Memory 
Charging sweep must begin with the beginning of a 
sweep. At the time the Type 230 is triggered by 

the 240, to make a new measurement, the sweep could 
already be running. For example, supposing the 
trigger is received at the time the sweep is passing 
the 2 cm marker. For the example, the sampling time 
base must wait for the time it takes the sweep to 
run from 2 cm to 10 cm before it can even begin to 
make a measurement. On the other hand, the actual 
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mode of operation when High Speed is energized 
restricts the 3T5 or 3T6 sweeps to a form of Single 
Sweep mode. In other words, the 3T5 will not run 
its sweeps unless the synchronizer card of the Type 
230 enables the sweep. This is an additional time 
saving feature because it avoids the above mentioned 
time wasting. Thus we have Sweep Synchronizing, 
Sweep Shortening and Dot Density Switching, all 
three functions energized by the High Speed bit 

from the Type 240. 


An additional time saving feature is the previously 
mentioned Twelve zone choice. This choice you will 
recall is made in the characters concerned with the 
positioning of A and B 0% and 100% zones. Whenever 
a particular zone position is programmed to twelve 
em's (note that this also includes any digital 
combination which includes 12, such binary 13, 14 

or 15) that particular Memory is inhibited from 
being discharged. Which is to say it will hold the 
previous charge. To gain an idea how this feature 
can be used to shorten measuring time, refer to Fig. 
8-15. Assume that A trace shows the input pulse to 
a device and B trace shows the output signal from 
the device. The zones have been positioned so as to 
store A and B 0% and 100% levels. With the zone 
position shown, quite a number of different 
measurements could be made without having to change 
the position of the zones or the voltage levels 
charged into the A and B OZ and 1005 Memories. For 
example, a measurement series could measure risetime 





Fig. 8-15. High speed program measurement. 
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of pulse A, pulse width of pulse A, fall time of 
pulse A, risetime of pulse B, pulse width of B, fall 
time of pulse B, delay from 50% of the leading edge 
of A pulse to 505 of the leading edge of B pulse, 
the A pulse amplitude and the B pulse amplitude. 


These are by no means all of the possible measurements 


but they will serve our purpose. 


Supposing that the programmer in drawing up the 
series of programs to be performed by the automated 
testing system chooses to do the above measurements 
in the order stated. On the first measurement which 
is to measure the risetime of the A pulse, all four 
Memories are charged on the sweep. On the second 
sweep, the measurement is made. At the end of that 
sweep the 240 will sequence to the next measurement 
location in the series, load that measurement and 
then prepare to make it. 


Ordinarily the next measurement would require an 
additional Memory charging sweep and then a Measure 
sweep. Suppose however, that in measurement number 
two, which is the pulse width of the A pulse, that 
the Memory zone positions have all been programmed 
to 12 cm's. This will inhibit the discharge of the 
Memories. As long as the Memories retain their 
charge they will not signal "discharged" to the 
Synchronizer. The Synchronizer will generate 
"measure" on the first sweep and the measurement 
can be made on the already charged Memories. 


For each succeeding measurement as long as no 
Memories have to be changed, the same feature can 
be applied. That is, each measurement in the series 
must position all zones to 12 cm and no additional 
Memory charging sweeps would have to be made. For 
our example, with a series of twelve measurements 
to be made, the total number of sweeps required is 
13 instead of 26. Note that only the first 
measurement requires two sweeps. The reader can 
readily see the amount of time that can be saved by 
using this feature. 


The restrictions are that within a series should any 
zone have to be repositioned, then all zones would 
require recharging and a new Memory charging sweep 
would be made. Of course, from that point on, should 
a new series of measurements be possible with new 
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setting for the Memories the same scheme could be 
followed. This feature by itself can save 
considerable time. When combined with the High Speed 
possibilities previously mentioned, the measurement 
rate of the Type 230 using a sampler can reach 100 
measurements per second or more. 


This means taking advantage of every possible sweep 
speed up feature, some of which are not in the Type 
230. Recall from the discussion of the Type 240 
and Data Disc that measurement acquisition time 

can be reduced by locating the next most accessible 
sector on the disc after a measurement is completed. 
When this feature is combined with the previously 
mentioned features, it is possible to exceed 100 
measurements per second. The options available to 
the programmer are quite varied in the speed up 
functions. He may choose to use some or all of 
them as is appropriate. As an aid to improving 
measurement speed, certain rules would ordinarily 
be followed within each measurement. When it is 
desired to obtain the maximum number of measurements 
possible, the programmer would be wise to choose to 
position the area of interest for a signal such as 
the leading edge, trailing edge, etc., as close to 
the beginning of the sweep as possible. Recall 
from the discussion of the programmable time base 
that by programming delay, any part of the signal 
can be positioned to a desired part of the screen. 
In addition, wherever possible, not only should the 
area to be measured be positioned close to the 
beginning of the sweep, but the Memory zone should 
also be positioned as close to the beginning of the 
sweep as possible. Recall from the discussion of 
Sweep Reset that on the Memory Charging sweep the 
sweep will terminate after the last Memory zone on 
a sweep. By positioning the zones close to the 
beginning of sweep, the amount of time required to 
complete that sweep can be drastically shortened. 
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TESTING SYSTEMS OPTIONS 


Part 1 Automatic Calibration Unit 


The Tektronix system measurement accuracy is 
dependent upon the accuracy of sampling vertical 

and sampling time base units used and the Type 230 
Digital Unit. The accuracy of the plug-ins is +32. 
An individual vertical or horizontal range can be 
adjusted to better than +1%. But when changing from 
one range to another, a readjustment must be made to 
hold this tolerance. The fact that the analog signal 
is converted to a digital signal by means of the Type 
230 also introduces a small amount of error. 


For those systems owners requiring measurement 
accuracy better than +3% an option is available for 
the Type $3130 system which is called the Automatic 
Calibration Unit which is in itself a small system. 
See Fig. 9-1. It enables any range of vertical 
sensitivity or horizontal time/div to be 
automatically adjusted to within +1% accuracy. 


Auto Cal contains a precision timing reference and 
very accurate DC voltage sources. Calibration is 
performed by programming the system to measure an 
accurate output from one of the reference sources 

and comparing the measurement against limits 
programmed in the Type 230. If the measurement is 
within the programmed limits (and the limits have 
been properly assigned) the particular range being 
measured will be within 1%. If the measurement is 
out of the programmed limits then automatic 
sequencing circuitry comes into play. This automatic 
circuitry contains a gain servo mechanism which can 
incrementally change the gain of the instrument being 
calibrated. Detailed operation of the correction 
sequence and associated circuitry will be covered 
later in this chapter. 
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Fig. 9-2 shows a simplified block diagram for the 
reference signal portion of the Auto Cal system. 
Two reference blocks are shown. One is the DC 
Reference block and the other is the Precision 
Timing Reference block. The DC Reference block 
contains a precision DC voltage supply and precision 
programmable attenuators to provide an output DC 
level which is accurate to within +0.25%. The exact 

DC DC Reference voltage output is determined by the A 

reference DC Reference Decoder block. The A DC Reference 

vol tage Decoder has two inputs. One is the A Vertical Auto 
Cal Enable line from the Type 240. The second input 
contains 14 program lines from the Type 240 which 
connect to the Type 3S6 to program the A vertical 
sensitivity. The Reference Decoder is activated by 
the Auto Cal Enable line. When activated it decodes 
the volts/div programming and automatically programs 
the output of the DC Reference block. A signal which 
will represent 6 divisions of the selected volts/div 
range of the vertical is made available. 
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I FEB РЕВ | For example, if the 3S6 is programmed for 200 
| ша ¥ F | DC mV/div the DC Reference card will be programmed to 
i reference provide +1.2 V of DC signal. This provides 6 div 
| сага of vertical deflection above the O0 V position on 






the screen. If the 356 vertical is programmed to 

50 mV/div the output of the DC Reference card will 
be 300 mV. The Reference card provides a 6 div 
signal for any range between 2 mV/div and 200 mV/div. 
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Simplified block diagram of reference 


signal section of auto cal. 
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T iom | All deflection ranges can be calibrated to within 
mhg | an accuracy of +1% except the 2 mV/div and 5 mV/div 


5 Sage ranges. The accuracy at 2 mV/div may be adjusted to 
= Ет +5% and the 5 mV/div range to +2%. The preceding 

$e £o remarks also apply to the B DC Reference Decoder. 

a И 26 Since the sequence for either A Vertical or B 

= Е з= а Vertical Auto Cal is similar we will discuss the 

= = ale Sud operation of an A Vertical Auto Cal program. 

- 5 “yl,” note In order to perform the Auto Cal function, the 

Ü a 53130 system must be taken out of its normal 

E 


measurement cycle. An example would be changing 
the 3S6 vertical sensitivity range after a series 
of measurements. The new range, in order to insure 
+1 accuracy, must be checked by the Auto Cal 
system which is programmed into the sequence of 
testing. 
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The DC Reference is connected to the DC Reference 
Chopper which is a magnetically operated reed 
switch. When the DC Reference Chopper Solenoid is 
energized the Chopper switch connects to system 
ground. The DC Reference Chopper Solenoid is driven 
by the A Chop Drive signal from the Type 230. From 
the discussion of the Type 230, Chapter 8, recall 
that the A Chop Drive signal may be programmed on 

at any time by putting a true level at the A Chop 
Enable program input line. This is done by the DC 
Reference card whenever an Automatic Calibration 
sequence is in operation. The sequence of operation 
of the A Chop Drive signal energizes the DC Reference 
Chopper Solenoid from the beginning of the sweep 
until the end of the first zone on either sweep. 

The programmer must be careful to program the zone 
positions so that both A OX and B 07 zones are 
positioned at the beginning of the sweep. When the 
A Chop Drive signal goes false, the DC Reference 
Solenoid is de-energized. 


The output of the DC Reference Chopper is connected - 
via the two Auto Cal 50 Q Relay switches on the 
Fixture card to either A probe or B probe depending 
upon whether A or B Vertical Auto Cal is enabled. 

In this case the A Auto Cal relay is energized and 
the Reference Chopper output connects to the A probe. 
The signal displayed on the R568 CRT will consist of 
a step display. During the time the DC Reference 
Chopper Solenoid is "on" the 3S6 vertical will be 
receiving a 0 V level. When the A Chop Drive signal 
goes false the DC Reference Chopper connects the 
Auto Cal DC Reference card output to the A probe. 

The signal on the screen deflects from the 0 V level 
to a point 6 divisions above. The 0% Memory has 
charged to ground level. The 100% zone is positioned 
so as to charge the A 100% Memory to the 6 div 
deflected signal level. 
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At the same time the Type 230 is programmed from the 
240 to make an A volts measurement. The programming 
must include limits which are within +1% of the 
actual voltage level. For example, if the A vertical 
sensitivity is 100 mV/div, the 6 div signal will be 
600 mV. The limits should be set for 600 mV - 1% 

for the lower limit and 600 mV + 1% for the upper 
limit. 


The reader must remember that the 3T6 sampling time 
base requires an external trigger. Whenever an A 
or B Vertical Auto Cal program is enabled, the 
trigger to the time base will come from the system 
pulse generator. 


The DC Reference card is only required to supply a 
DC Reference voltage. The DC Reference Chopper 
provides a step voltage between system ground and 
the DC Reference level. Thus a DC signal is 
converted to the equivalent of a step or pulse 
voltage. 
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| — After making the measurement, three output signals 


| . Ze 52 $2 i from the 230 become important. These are the Read 

| 5 5 zi ET БТ oy Red (Above Limits), Read Yellow (Below Limits) and 

| БЕ Е - Mo. | the Type 230 Print Command. Print Command is 

| I | I I | coupled to the Auto Cal system, specifically to the 
(©) (3) (9) (©) (©) | correction Counter Control block shown in Fig. 9-3. This 


sequence figure is a partial block diagram showing the 
Sequencing and Servo sections. When the measurement 
is first signalled, the Type 240 also generates a 
230 Minus Trigger. The 230 Minus Trigger is coupled 
to the Counter Control card and out to the Type 230 
signalling it to make the first measurement. 


TO 3T6 
AUTO CAL 
INPUT 


Of the 3 signals received from the Type 230 after 
measurement either Read Red or Read Yellow being 

true serves as a signal that the A vertical gain is 
out of limits. Print Command is routed through 
logic circuitry to the Type 230 Minus Trigger output. 
Print Command signals the 230 to remake the 
measurement.  Simultaneously, the arrival of either 
Read Red or Read Yellow causes other circuitry in 

| counter the Counter Control card to generate a Counter 
advance Advance signal. Counter Advance is coupled to the 

| | Counter Advance Gate. The Counter Advance Gate 
routes the Counter Advance pulse to the proper 
counter. For the assumed A Vertical Auto Cal 
sequence the pulse couples to the A Vertical Counter. 
The A Vertical Counter, being a reversible counter, 
may count up or count down depending upon whether 
Counter Control received Read Red (and Print Command) 
| or Read Yellow (and Print Command). With normal 

| programming Read Red and Read Yellow are never true 
at the same time. 
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and servo sections of auto cal. 
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The A Vertical Counter is a 4 FF counter which is 
coupled to the A Vertical Gain Servo. The A Vertical 
Gain Servo contains 16 steps of conductance 
programming. The difference from one step to the 
next changes the gain of the A vertical plug-in by 
| 0.3% a 0.3% increment. The Counter Advance pulse causes 
count the A Vertical Counter to change by one count. 
change Since the assumed limit has been exceeded the gain 
is too high and the Counter counts down by 1 
increment. This causes the gain of the A vertical 
to decrease 0.3%. The 230 takes the measurement 
_ again. The results are compared against the 
_ programmed limits from the 240 which have not 
changed. The 240 does not advance to the next 
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program until the 240 Trigger leaves the Counter 
Control card. As long as the results of a 
measurement are Read Red or Read Yellow a 240 trigger 
is not delivered. 


The A Vertical Counter after advancing enough steps 
to bring the gain of the 3S6 back within the 12% 
limits programmed will hold the last count. When 
Print Command arrives at the Counter Control card 
without either Read Red or Read Yellow, then the 
Read Green condition must be true. The measurement 
is now within the programmed limits and A vertical 
gain is within 1% of its programmed value. Now 
logic circuitry automatically routes the Print 
Command to the 240 Trigger output. When the 240 
Trigger output is activated, the reshaped Print 
Command pulse causes the 240 to go to the next 
measurement in the normal measurement sequence. The 
A vertical has now been calibrated. 


When any Auto Cal program is enabled, the Counter 
Advance Gate energizes an output which connects to 
a front panel lamp labeled AUTO CAL ENABLE. Тһе 
lamp remains illuminated during the entire sequence. 
It is possible that the A Vertical Counter and A 
Vertical Gain Servo may advance completely through . 
the 16 increments of gain change without the Type 
230 making a measurement which is within limits. 

In this case the entire $3130 system will be locked 
up in the Auto Calibration sequence. That is, the 
230 will be continuously triggered to make the 
measurement over and over. For each measurement 
the A Vertical Counter will be advanced by 1 count 
and the cycle will continue endlessly. In order to 
alert the system operator to such a condition 3 
lamps have been provided on the front panel of the 
cabinet which houses the Auto Cal circuitry. These 
lamps are labeled A VERTICAL OVER RANGE, B VERTICAL 
OVER RANGE and TIMING OVER RANGE. In the present 
example, if the circuit is cycling endlessly in the 
A Vertical Auto Cal mode, the first time the A 
Vertical Counter passes through the 0000 condition 
the A VERTICAL OVER RANGE lamp is illuminated. The 
circuitry which drives the lamp contains a latching 
feature so that once illuminated the lamp remains 
on until manually reset. The front panel of the 
Auto Cal cabinet contains the OVER RANGE RESET push 
button. 
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In the normal course of events while ranging, the A 
Vertical Counter may pass through the 0000 condition 
and the A VERTICAL OVER RANGE lamp may come on. The 
presence of an illuminated OVER RANGE lamp does not 
necessarily mean that the complete system is locked 
up in an Auto Calibration sequence. If the complete 
system is operating normally, then the lamp has no 
significance. 


Additional clues to the lockup condition appear on 
the Type R568 CRT. During an endless cycling 
sequence the signal on the CRT will show a 
constantly changing amplitude. That is, a sweep 
will run across the screen displaying these steps 
with one amplitude. The next sweep may show the 
amplitude increased a small amount. The next sweep 
increased again by a small amount, etc. Once the 
servo reaches the end of its range as it continues, 
the gain is abruptly reduced and incrementally 
increases with each succeeding sweep. This signal 
appearance on the CRT, the illumination of one of 
the VERTICAL OVER RANGE lamps and a non-sequencing 
S3130 system indicate a lockup in the Auto 
Calibration mode. 


When a timing Auto Calibration has been enabled the 
sequence of events is similar to that in either A 
or B vertical, but the signal paths are different. 
Referring to Fig. 9-2, the Timing Auto Cal Enable 
line will be true. This is connected to the 
Precision Timing Reference and enables that 
circuitry. The Precision Timing Reference is driven 
by the Timing Reference Decoder which is connected 
to the 19 Time/Div Program Lines to the Type 3T6. 
When enabled an appropriate timing signal is 
selected from Precision Timing Reference to provide 
either a 4 cm wide or 8 cm wide pulse display on 
the CRT. 


The signals available are usable for sweep ranges 
from 0.2 ms/div to 1 ns/div. No timing signals 

are available at the present time to permit Auto 
Calibration of the 3T6 100, 200 and 500 ps ranges. 
Neither are signals of low enough frequency 
available to allow calibrating the 0.2 ms/div range. 
These signals may become available in the future. 


The 3T6 in real time operates in a count down mode 
from a precision 10 MHz oscillator which holds the 
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timing accuracy well within 1% at all times. No 
provision is made for Auto Calibration of the 3T6 in 
real time/div ranges. 


The Selected Timing Reference signal couples to the 
Timing Reference Relay. One section of this double 
section reed switch connected between the probe and 
the input of the sampling unit switches the A 
vertical so as to receive the Selected Timing 


Reference signal. At the same time to provide proper 


triggering a synchronized pretrigger from the 
Precision Timing Reference card is connected to the 
3T6 by the second section of the Relay. 


The Precision Timing Reference card contains two 
crystal controlled +0.01% accurate oscillators 

with frequencies of 50 kHz and 2.5 MHz. The 50 kHz 
oscillator is used whenever the lower frequency 
Timing Reference signals are required. The 2.5 MHz 
oscillator is used whenever any of the higher 
frequency ranges are required. The low frequency 
ranges are derived by digitally counting down the 
50 kHz signal. Higher frequency signals up to 125 
MHz are derived from the 2.5 MHz crystal 


oscillators by means of frequency multiplier circuits. 


Whichever timing range is being utilized (either the 
high range or the low range) the timing signals are 
coupled through shaping circuits. The output signal 
is a pulse with very fast risetime and falltime. 

The amplitude of the pulse is approximately 500 mV. 
The pulse width of the signal will be sufficient to 
provide either 8 cm or 4 cm of horizontal display 
depending upon the exact time/div programmed in the 
3T6. Fig. 9-4 shows a timing reference table which 
indicates the time/div of the Type 3T6 and the 
display in terms of cm/cycle which will be obtained 


for that timing range. Note that all except the 2 ns, 


20 ns and 0.2 ms ranges provide 8 cm horizontally. 


Assume that the time base is to be calibrated on the 
10 ns/div range. The Precision Timing Reference 
card automatically provides a signal whose pulse 
width is 80 ns £0.55. The signal is automatically 
routed to the channel A input of the 3S6. The Type 
230 must be programmed by the 240 to perform a pulse 
width measurement. The Type 230 will be programmed 
to begin count at 50% of the first positive slope 
and end at 50% of the first negative slope. 
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Fig. 9-4. Timing reference table showing 316 time/div 


and display in cm/cycle for that range. 


The limits for this measurement would be made to be 
equal to 80 ns +1%. The actual display of the Type 
230 for this particular time range is in 0.1 ns 
increments. A perfectly accurate measurement would 
be 080.0 ns. This is equivalent to 800 counts in 
the Type 230 Counting Registers and the 1% figure 
may be determined on the basis of 1% of 800 counts, 
or +8 counts. Therefore the limits could be upper 
limit +0808 and lower limit +0792 with the display 
being +080.8 ns and +079.2 ns respectively. 


As the 240 makes this program available along with 
the Timing Auto Cal Enable signal the sequence of 
events is as follows: the programming is presented 
to all units of the system, the 230 is programmed 

to make the appropriate timing measurement and is 
triggered to make the measurement. The measurement 
is made, the results are displayed on the Nixie 
readout of the Type 230 and also compared internally 
in the Limits Comparator circuitry of the instrument. 
The results are either Read Red, Read Green or Read 
Yellow. If Read Green is the result the timing 
range is within 1% and no further action need be 
taken. In that case (see Fig. 9-3) the arrival of 
Print Command at the Counter Control card will 


178 


_ гесар 





immediately be coupled out as the 240 Trigger 
signalling to advance to the next measurement in 
the Type 240 measurement sequence. If either Read 
Red or Read Yellow along with Print Command arrive 
the Counter Control inhibits the 240 Trigger and 
proceeds as in the Vertical Auto Cal sequence. The 
Counter Advance Gate couples the Counter Advance 
pulse to the Timing Counter. The Timing Counter 
either counts up or down as appropriate. Timing 
Servo changes the horizontal gain of the time base 
by a 0.3% increment. Simultaneously the Type 230 
is signalled to make the measurement. If the | 
results of the second measurement again include 

either Read Red or Read Yellow the process repeats. 
At any time that the Print Command arrives back at 
the Counter Control without either a Read Red or 
Read Yellow, the time base is now within the 
programmed limits and no further Auto Cal 
sequencing need take place. 


Note that the Timing Counter and Timing Servo hold 
the last count position reached. (This is true for 
any of the Counter and Servo combinations in the 
system.) The Timing Counter will continue to hold 
this last count until power to a system is turned 
off or until the next time a Timing Auto Calibration 
Sequence is actuated and the Counter is caused to 
change to a different count position. The Timing 
Counter also contains a TIMING OVER RANGE lamp. 


servo off 


The complete Auto Calibration system permits the 
measurement portion of the system to be self 
calibrating within the limits of the gain servo 
ranges. Recall that each increment in either 
Vertical or Timing Servo is 0.3% gain change with 16 
increments possible. The total possible gain range 
is 4.8%. Should the gain of either A vertical, B 
vertical or time base drift beyond the range of any 
of the timing servos then the Auto Calibration 

system will continue in an endless cycling sequence. | 

The Auto Calibration system itself permits calibration 

to within 1% on most ranges of vertical and horizontal 

sensitivity. The cost to the $3130 system is that 

time spent for Auto Cal is time not spent in making auto cal 
normal measurements. Even at the rate of up to 100 character 
measurements per second if an Auto Cal sequence format 
requires advancing say 5 or 6 steps of the Counter 
this means that 16 sweeps will have to be generated 
in the Type 3T6 and the 230 will have to make 8 | 
measurements. At the faster sweep speeds this is | 
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not a significant problem. However, with the slower 
time ranges, because of the long holdoff times 
between samples and the lower trigger rate of the 
timing signals, considerable time may be devoted 
solely to Auto Cal. 


The programmer may elect not to Auto Cal a system 
except for the most critical measurements. It is 
possible that when Auto Calibrating a range, for 
example the 2 ns/div range, that the Timing Servo 
was advanced nearly to one end or the other of its 
possible gain range. When switching from 2 ns to 
say 50 ns it might be found that the 50 ns range is 
out of the +3% gain specification with the present 
setting of the Timing Servo. 


The programmer, of course, could always choose to 
recalibrate the 50 ns/div range using an Auto 
Calibration sequence. However, it is possible that 
the measurement to be made at this time/div rate 
specification will be within acceptable tolerances 
if the accuracy is within +3%. This may not be 
possible if the Timing Servo is still held close to 
the end of the gain range. To solve this potential 
problem a fourth Auto Calibration program function 
has been provided. This is called Servo Off. When 
this bit is programmed in the Type 240 all Servos 
(A Vertical, B Vertical and Timing) are reset to 
the center of the count range. This is the 
position that the servos will be placed in when the 
vertical and horizontal plug-ins are recalibrated 
by a technician using the suitable calibration . 
equipment. In other words, turning off the Tene 
Servo should place all timing ranges within 3% of 
each other. Therefore, the programmer rather than 
resorting to the time consuming Auto Cal sequence, 
may choose to simply program Servo Off and rely on 
the basic +3% timing accuracy. 


When the Automatic Calibration option is purchased 
for a system, four program bits within the Type 240 
programming format must be made available. By 
utilizing otherwise unassigned bit positions, 4 bits 
are available. At the present time the bit | 
assignments are as follows: Sweep Auto Cal Enable is 
placed in character 8, bit 8 position; the A Vertical 
Auto Cal Enable is placed in character 16, bit 1; B 
Vertical Auto Cal Enable is placed in character 20, 
bit 1; and Servo Off is placed in character 20, bit 
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Fig. 9-5. Digital voltmeter front panel. 


Part 2 The Digital Voltmeter 


When performing DC voltage measurements the 
R568/230/386/3T6 is limited to an accuracy of +3% 
(41% with Auto Cal). Some systems users require 
greater accuracy for certain DC and AC measurements. 
A digital voltmeter is available as an option to 
the Type $3130 system to satisfy these requirements. 


The digital voltmeter (DVM) presently offered is 
manufactured by Dana Laboratories, Inc. of Irvine, 
California. It is Dana Model 5403 with Accessory 
Module 031. This DVM is capable of *0.01Z accuracy. 


A picture of the front panel of the DVM appears in 
Fig. 9-5. The digital voltmeter consists of a case 
holding 2 modules: The left half of the front panel 
is that of the Model 5403 Digitizing and Display 
module, and the right half of the front panel is 
that of a Type 031 Accessory module. The two 
modules together form the complete DVM. The 
Digitizing and Display module contains the display 
portion of the instrument (5 Nixie tubes and display 
units of measure) and the digital circuitry which 
converts an input voltage to its digital equivalent. 
The Type 031 Accessory module is the interface 
between the Type 5400 and the measurement being 
made. 
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See Fig. 9-5. In the upper left of the front panel 
the 5 digit Nixies appear. The digital value of 
the measurement is displayed in 5 digits along with 
a polarity indication + or -, decimal point and a 
lighted window which identifies either AC or DC 
voltage being measured. Below and to the left is 
the READ HOLD switch. This two position switch 
allows the operator a choice of making new readings 
at a fixed rate of 4 per second or the HOLD mode 
which freezes the last previous reading indefinitely. 
To the right is located the ON-OFF switch. 


On the front panel of the accessory module are two 
switches, RANGE and FUNCTION. The FUNCTION switch 
is a 7 position switch having the following 
positions: 


permits external selection of the 
function to be measured. In a system 
the FUNCTION switch will normally be 
in this position. 


REMOTE 


selects high speed non-filtered DC 
measurements from 1 mV to 100 V. 


FAST DC 


DC - selects medium speed DC measurements 
from 1 mV to 1000 V. An input filter 
is connected into the circuit in this 
position. 


10X RATIO 


permits the measurement of the ratio 
of an input voltage applied across the 
input terminals to a reference voltage 
applied to the reference input terminals 
at the rear of the instrument. The 
input voltage is amplified by a factor 
of 10. Therefore, a 1 to 1 voltage 
ratio is displayed as 10:1 rather than 
Lil. 


AC - selects the measurement of AC voltages 
from 50 Hz to 100 kHz. 


mV - selects the measurement of low level 
DC voltages from 10 uV to 1000 mV. 


k Q - selects the measurement of resistance 
from the 1 2 to 10 megohms. As 
normally supplied the digital voltmeter 
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does not include the resistance 
function. This function may be included 
at additional cost. 


through 
the 230 


The RANGE switch has 5 fixed RANGE positions, an 
AUTO position and a REMOTE position. In the REMOTE 
position the selection of RANGE is made through the 
external programming input. In AUTO position, the 
range is automatically selected by internal 
circuits. The 5 fixed ranges are 1, 10, 100, 1000 
and 10,000. Inscriptions on the front panel define 
the ranges which can be used with particular | 
functions. The ranges for each function are shown 
in the diagram of Fig. 9-6. 


The front panel also includes input lead connections 
which are SIGNAL INPUT + and -, OHMMETER CURRENT 
SOURCE + and - and shield connections. Normally 

3 leads are brought out from the DVM to the Fixture 
portion of the system. These are the shield and + 
and - signal input leads. The shield lead is 
connected to ground at the actual measurement point. 


nul | 
balance 
technique 


The digital display of the DVM is available in 8, 
4, 2, 1 negative logic BCD code format at the rear 
of the instrument. These output leads are used to 
conduct the digital measurement to other portions 
of the system. A full-scale reading on the DVM is 
19999. That is, the most significant figure has 
only 2 values, 0 and 1. This digit is known as an 
over range digit that extends each range by 10%. 


In order that the DVM may be compatible with 


measurements made via the Type R568/230, the encoded 
digital readings are connected to the Type 230. The 


FUNCT | ON 








RANGES 


























DC - DC FAST 10, 100, 1000 

MILLIVOLTS 100, 1000 

KI LOHMS I, 10, 100, 1000 
10,000 

AC |, 10, 100, 1000 






Fig. 9-6. Ranges for each function of DVM. 
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Type 230 is constructed so that the Upper and Lower 
Limit circuitry may be used to compare programmed 
limits against the internal measurement of the 230 
or against an external measurement, in this case 
made by the DVM. When operated in the system the 
programmer not only programs the DVM to make the 
measurement, but may also program limits in the 
Type 230 as in all other measurements. The Red, 
Green and Yellow limits results may be used for 
selecting or sorting devices as in normal operation. 


The Digitizing and Display module of the DVM uses 
the null balance technique to measure the amplitude 
of unknown voltages. The Input module converts the 
input signal to a 10 V full-scale analog voltage. 


For example, if the controls are set to measure DC 
volts on the 100 V range and a 50 V DC input signal 
is applied, the Input module will conduct an analog 
voltage of +5 V DC to the Digitizing module. This 
analog voltage applied to the Digitizing and Display 
module is converted to a digital reading by a 
series of trial and error current comparisons. The 
currents are derived from a very precise current 
divider from a reference current source. These 
currents are divided into 10,000 equally spaced 
increments. The Digitizing module will measure the 
input voltage with a maximum of 36 trials. The 
total digitizing time is less than 2 ms providing 
that the DVM range has not been changed. Whenever 
a series of measurements is being made using the 
DVM and a range change is required, the next 
measurement may take as much as 800 ms to complete. 
This is due to settling time within the instrument. 


The Accessory module operates in such a manner as to 
convert whatever input signal is being applied to 
the +10 V full-scale analog voltage. When measuring 
AC volts, for example, an input signal is converted 
to a DC signal. The AC voltage is measured in terms 
of RMS values. Therefore, if the controls were set 
to measure AC volts, with 2 V RMS input signal 
applied the internal analog voltage would be 2 V DC. 


The Accessory module converts an input DC signal to 
a +10 V full-scale analog voltage regardless of the 
input polarity. Automatic circuitry is included 
which converts either polarity voltage to plus DC. 
Negative input voltage is detected and causes a 
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- sign to be illuminated on the front panel with 
positive voltage illuminating a + sign. Whichever 
function is energized a display Sign is illuminated 
to indicate the function being performed. 


Programming of the DVM is done from a Type 250 
Auxiliary Program Control Unit. A sample program 
format is shown in Fig. 9-7. In the particular 
System depicted here programming of the DVM was 
placed in character 141, 142 and 143 of the R250. 
Since the DVM is an option the exact character 
location may vary from one system to the next. 
However, even though the character numbers will 
change, the relative placing of the program bits 
will remain unchanged. Character 141, bit 8 
programs the 10,000 range which is valid in OHMS 
position and can only be activated if the Ohmmeter 
option is included. Bit 4 of character 141 
programs 1,000, bit 2 programs 100, bit 1 programs 
10. Bit 8 of character 142 programs the 1 range, 
bit 4 programs the DC voltage range, bit 2 
programs Ratio and bit 1 programs AC voltage. Bit 
8 of character 143 programs K 9, bit 4 programs DC 
Fast and bit 2 programs mV. 


When externally programmed, the Dana DVM requires 
Function information, as well as Range information. 
In addition, a Command signal is required. The 
Command signal may go to one of two Command inputs, 


Direct Command and Delayed Command. Delayed | ассигасу 
command input actuates the Internal Delay costs 
circuitry of the DVM which allows function changes | time 


and null seeking circuitry to arrive at the 
required degree of accuracy before releasing the 
measurement. 


For certain range changes a measurement may be 
available in as little as 40 ms. For other range 
changes the delay may be extended to 700 or 800 ms. 
The Internal Delay circuitry must allow for the 
worst case delay. On the other hand, by utilizing 
the Direct Command input the delay may be determined 
externally. That is, for certain function changes 
which require a short delay, time can be saved by 
generating the delay externally. 


À special DVM Control Interface card is supplied 
with the DVM option. This card accepts certain 
signals from the Type 240 and automatically routes 
these signals to the proper inputs of the DVM. The 
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card is so arranged that when DC Fast or mV is 
programmed the Direct Command channel is energized. 
A single shot circuit on the card generates a 40 
ms delay and at the end of that period applies an 
input to the Direct Command input of the DVM. For 
all other functions the Delayed Command input is 
utilized allowing the instrument to determine its 
own delay. The Type 230 must receive an External 
Hold signal. The DVM Control Interface card 
detects the presence of a DVM measurement command 
and generates the External Hold signal which is 
applied to the Type 230 until the end of the 
measurement. At that time the DVM generates DVM 
Print Command and sends it to the DVM Control 
Interface card. This signal causes the Type 230 
External Hold signal to be removed and couples the 
digital reading to the Type 230. 


At the end of the 230 External Hold signal the 
Display circuitry of the Type 230 generates the 
Register Set signal. Twenty us after the Register 
Set signal appears the Storage Registers for the 
Limits circuits are actuated. By this time the 
Upper Limit and Lower Limit circuitry has 
determined the limits condition. This data shifted 
into the Storage Registers now actuates the front 
panel LIMITS lights and makes the Limits signals 
available externally. 


The reader should note that the price for increased 
accuracy is time. The measurement rate is 
drastically reduced when utilizing the DVM. At 
best the measurements can be made at the rate of 
about 20 per second. Considerably slower than the 
measurement rate when utilizing R568/230 measuring 


in the system. 





Fig. 9-7. Sample DVM program format from a Type 250. 
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The programmer must be careful to "erase" the Type 
230 before making any DVM measurements. There is 
no one signal which will cause the Type 230 to read 
0000. The Type 230 must be commanded to do an 
impossible measurement. Start Level and Stop Level 
must be programmed in such a manner that the Start 
Comparator and the Stop Comparator do not generate 
Start Count or Stop Count signals. This is the 
only way in which the standard instrument can be 
caused to read the required 0000. 


The access to the Upper and Lower Limits 
Comparators within the Type 230 is via the normal 
digital readout lines from the Counting circuits of 
the Type 230. This means that in order for the DVM 
to control the encoded number on these lines, the 
Type 230 must be reading 0000 at the time the DVM 
digits are received. A reading in the Type 230 
such as 0080 would be added to the digital reading 
from the DVM rendering the results meaningless. No 
internal circuitry is built into the Type 230 which 
would inhibit interaction between a self-contained 
count and an external count. 


The Upper and Lower Limits Comparators of the Type 
230 are fed by 14 digital lines arranged so that 
any number between 0000 and 3999 may be compared 
against limits. Any number higher than 3999 cannot 
be used. There is a basic limitation on the Upper 


and Lower Limits Comparators when used with the DVM. 


Fourteen BCD lines (along with the + or - output 
line) are taken from the DVM and connected to the 
Type 230. These lines carry the 1's, 10's, 100's 
and 1000's digit positions. (The over-range bit is 
not included.) The Limits Comparators will operate 
normally as long as the digital reading on the 
front panel of the DVM does not exceed 3999. 


Part 3 The System Interface Unit 


The more complex systems with many of the optional 
units require a place for interfacing the 
interconnecting cables. A system Interface Unit 
has been designed to provide a physical location 
for this interfacing to take place. A picture of 
the system Interface Unit appears in Fig. 9-8. Two 
control switches appear on the front panel. The 
switches may or may not be wired into the circuit 


depending upon whether certain options are installed. 
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INTERFACE USIT 
S Sai ce 


DATA RECORDING 


Fig. 9-8. Interface Unit front panel. 


On the left appears a STATION SELECT switch. This 
is a five position switch labeled AUTO, STATION 1, 
STATION 2, STATION 3 and STATION 4. The function 
of this switch will be discussed in Chapter 13. 

The switch on the right is labeled DATA RECORDING. 
This has four positions labeled OFF, ACCEPT, REJECT 
and ALL. 


OFF - No data is recorded. 


ACCEPT 


Only those measurements which are 
within limits are recorded. 


REJECT - Only measurements out of limits 
(Red or Yellow light illuminated) 
are recorded. 

ALL — All measurements are recorded. 


The nature of data recorders is such that whether 
magnetic tape, punch card, punch tape or printed 
tape recording is used the data recording rate is 
much slower than the measurement rate of the system. 
When data recording is being performed the 
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measurement rate of the overall system is reduced. 
By providing the DATA RECORDING switch the 
measurement speed may be maintained by not recording 
all measurements. The functions of the switch are 
not externally programmable. Therefore, the mode is 
controlled only by the manual setting of the switch. 


Inside the systems Interface Unit are placed the 
necessary control cards and interface cards 
required for the various options. For example, in 
a system which includes a DVM, space must be 
provided for the 27 readout lines from the Type 
230 to be connected in parallel with the readout 
lines from the DVM so that data recording may be 
made from either source. In order to provide 
isolation, whenever control lines or output lines 
are paralleled, isolating diodes are used. The 
Interface Unit provides a convenient place for the 
card holding these diodes. Other cards which are 
associated with the STATION SELECT switch and 


circuitry will be discussed in Chapter 13. 


The Printer Control Interface card provides control 
information to the printer from the DVM and Type 
230. Inputs to the card are the Read Yellow, Read 
Red and Read Green lines from the Type 230 along 
with the gated Print Command. In addition the DVM 
Print Command signal must be coupled to this card. 


These signals are combined through logic circuitry | 
with lines from the DATA RECORDING switch on the 
front panel of the Interface Unit so as to perform 
the indicated operations. That is, when the switch | 
is in the OFF position no print signal goes to the 
printer. When the switch is in the REJECT position, 
printing is only made when Print Command is received | 
along with either Read Yellow or Read Red signals. | 
The Print Command may come from either the DVM or | 
the Type 230. With the control switch in the ACCEPT | 
position, printing is commanded when Print Command | 
appears along with a Read Green signal from the 
Type 230. In the ALL position whenever Print 
Command appears the printer will print all the 
results. 
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As soon as the Printer is commanded to record data 
the Printer must be permitted to apply an External 
Hold to the Type 230. This prohibits the 230 from 
advancing to a new measurement before the printer 
has completed recording the data of the last 
measurement. The Printer Control card also contains 
a buffered signal path from the printer which 
couples back to the Type 230 External Hold input. 
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Fig. 10-1. 





Type R116 Mod 703L front and rear panel. 
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THE TYPE R116 PROGRAMMABLE PULSE GENERATOR 


The Type R116 is a multi-purpose programmable pulse 
generator with a wide range of output pulse 
characteristics. Repetition rates of up to 10 MHz 
are available with amplitudes of up to 10 V. 
Risetimes and falltimes may be as short as 10 ns. 
The Type R116 has 15 different parameters which 
may be programmed either from an external source or 
from the front panel. Eight of these parameters 
are programmed by switch closures. Seven are 
programmed by supplying external resistances. In 
this chapter switch programming will be referred 

to as digital programming, while those functions 
programmed by resistance will be termed analog 
programmable functions. 


Front and rear panel views of the Type R116 Mod 703L 
appear in Fig. 10-1. A simplified block diagram of 
the Type R116 operating in SINGLE mode appears in 
Fig. 10-2. In SINGLE mode the Type R116 generates 

a sequence of pulses. The Period Generator is a 
free-running multivibrator with 5 ranges which are 
100 ns, 1 us, 10 us, 100 us and 1 ms. The period 

is varied between these ranges by the MULTIPLIER 
dial which is numbered between Xl and X11. With 

the PERIOD RANGE switch set at 100 ns and the 
MULTIPLIER at 1, the period of the output pulse is 
100 ns. This gives a pulse repetition rate of 10 
MHz. With the range switch at 1 ms and the 
MULTIPLIER at 11 the pulse period is 11 ms giving 

a pulse repetition rate of approximately 91 Hz. 

The pulse period is variable over the range of 100 
ns to ll ms. 
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The Period Generator (Fig. 10-2) generates two 
pretrigger output signals. The Pretrigger coupled to a BNC 
and period connector either on the front panel or rear panel 
trigger of the Type R116 is used to trigger the sampling 

system. It is generated between 30 and 50 ns ahead 

of the output pulse allowing ample time delay for 
the sampling system to observe the entire leading 
edge of a short risetime pulse. The other output 
signal of the Period Generator is the Period 
trigger which occurs at a rate determined by the 

PERIOD RANGE and MULTIPLIER controls. For example, 

if the RANGE control is set at 1 us and the 
MULTIPLIER at 1 then the Period triggers will be 
à | generated at the rate of 1 per us, or at a 
repetition rate of 1 MHz. 
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A ladder diagram showing the principal signals 

and their final effect upon the output pulse 

is shown in Fig. 10-3. The Period trigger coupled 

to the Width Generator activates a monostable 

multivibrator. The recovery time of the Width 
circuit Generator is controlled by WIDTH RANGE and MULTIPLIER. 
functions WIDTH RANGE is a switch with four internal positions 

plus REMOTE program. WIDTH RANGES are 10 ns, 100 ns, 

1 us and 10 us. The WIDTH MULTIPLIER is a 

potentiometer which multiplies width range between 
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X5 and X55. For example, with the RANGE set at 10 ns 
and the MULTIPLIER at X5 the width of the pulse is 

50 ns. With the potentiometer completely clockwise 

at the X55 position the width would be 550 ns. The 
output of the monostable multivibrator is the Width 
Gate. The width of the final pulse is determined by 
the width of the gate signal as indicated in Fig. 10-3. & 
The Width Gate is connected to the Pulse Shape i _ 
Generator block. Within the Pulse Shape Generator : T 7 | 
the risetime of the final pulse, the falltime and ; - 

the final amplitude of the pulse delivered to the 
Output Amplifier are determined. A block diagram 
of the circuitry in the Pulse Shape Generator is 
shown in Fig. 10-4. 


TO OUTPUT 
AMPLIFIER 


+5.7V 


In Fig. 10-4 before the Width Gate goes positive the 
Current Steering Gate steers current from the 
Negative Constant Current Generator into the 
Risetime/Falltime Slope capacitor. This capacitor 
will be charged slightly negative with respect to 
ground by the amount.of voltage drop across diode 
| Dl, the negative excursion clamp diode. The output 
i level is approximately -0.7 V. When the Width Gate 
li goes positive the Current Steering Gate disconnects 
| linear the Negative Constant Current Generator and connects 
| ramp the Positive Constant Current Generator to the 
generators Risetime/Falltime Slope capacitor. The capacitor 
begins to charge positive at a constant rate from 
-0.7 V. The rate is determined by the amount of 
current the Positive Constant Current Generator is 
supplying. The current is determined by a 
potentiometer labeled RISETIME MULTIPLIER. Charging 
a capacitor through a constant current device 
results in a linear change in capacitor voltage. 
The Risetime and Falltime signals generated here | 
are linear ramps. | ENT 
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RISETIME/FALLTIME SLOPE CAPACITOR 
Fig. 10-4. 
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It is important to note that until the capacitor 
voltage crosses 0 V no output pulse appears. When 
the Risetime/Falltime Slope capacitor is small in 
value and the slope of the risetime is very short 
no appreciable problem is encountered. On the 
other hand, when a large Slope capacitor is being 
“used the elapsed time from -0.7 V until crossing 
O V may be important. This is shown in Fig. 10-3B. 
Two output pulse waveforms are shown. No. 1 has a 
slower fast risetime and falltime. No. 2 has a much 
VS slower risetime and falltime. The pulse begins at 
faster time t, when the leading edge of the Width Gate 
risetime arrives. For the time it takes the Slope capacitor 
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to reach O V no output pulse appears. With No. 1 
little difference is noted. Note however, with a 
much slower risetime as shown by waveform No. 2, 
the time from t, to t, is the time it takes this 
slower moving ràmp to reach O V. The output pulse 
does not appear until the Slope capacitor charge 
crosses the 0 V level. The appearance of the 
output pulse is delayed from t, to t,. Therefore 
as the risetime is varied, the apparent starting 


point of the output pulse varies with respect to | Ae 
the Pretrigger. | ee 


Once the rising ramp crosses the 0 V level the 
output pulse begins to appear on the output line. 
The ramp continues to rise until diode D2, the 
First + Clamp, turns on and sets the upper level of 
the pulse. The voltage at the cathode of D2 is set 
by the output level of the Positive Amplitude 
Control block. For this discussion assume this 
output level to be +5 V. The voltage at D2 anode 
(when turned on) is approximately +6.4 V. This 
action clamps the pulse at +6.4 V. 


Emitter follower Q2 couples the pulse to the Second 

+ Clamp diode D3. The voltage at the emitter of 

Q2 is +0.7 V above the level of the pulse. The 

cathode of D3 connects to the +5 level from the 

Positive Amplitude Control block. When the voltage 

at Q2 emitter crosses +5.7 У, 03 turns on clampling 

the pulse output. As the leading edge ramp rises, 

Q2 emitter rises also. Note that D3 will turn on 

before D2. This is because the voltage level at D3 

anode is 1 semiconductor junction voltage drop 

below the level at D2 anode. The pulse level 

coupled to the output amplifier is +5.7 V for this slawer 
example. This double clamp arrangement provides a ae ead e+ 
flat top for the pulse which is free from stray 
noise and hum. In addition, changes in junction 
voltage drops due to temperature changes compensate 
each other. This assures a stable output pulse 
amplitude. 


note 


When the Width Gate switches to its quiescent level 
the Current Steering Gate again switches, the 
Positive Constant Current Generator is switched out 
of the circuit and the Negative Constant Current 
Generator is connected to the Risetime/Falltime 
Slope capacitor. The amount of negative current 
supplied is a function of the FALLTIME MULTIPLIER. 


output 
amplifier 
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The Slope capacitor begins to charge back to its 
quiescent level at a slope set by the negative 
current. 


When the FALLTIME MULTIPLIER is set to X10 or X11 
only a very small amount of current is supplied. 
This means that the appearance of the falling edge 
at the output of the generator, may be delayed as 
shown in Fig. 10-3B from t, to t,. The reason for 
the apparent shift in the negative edge may be seen 
by examining the voltage levels shown in Fig. 10-4. 
When both clamp diodes D2 and D3 are turned on, Q2 
is reverse biased by 0.7 V. Until the charge in 
the ramp Slope capacitor decreases to +5 V, Q2 
remains off. Thus, if the negative slope is 
relatively slow, the rear corner of the pulse is 
delayed. This circuit provides independent control 
of the risetime and falltime of the output pulse. 
Note however, that only one capacitor is in the 
circuit at a time. Therefore, the choice is 
between Xl and X11 and 1 ns, 10 ns, 100 ns or 1 us, 
the ranges available with the RISETIME FALLTIME 
RANGE switch. 


Another point to be considered is that the falling 
edge of the output signal starts at the time the 
Width Gate signal goes negative. The actual end of 
the output pulse is determined by the time it takes 
the falling ramp to reach O V. The Slope capacitor 
continues to charge negative until clamp diode Dl 
turns on. The width of the pulses measured at the 
50% points may vary considerably when risetimes and 
falltimes are varied. This is why the front panel 
WIDTH control is marked "AT MINIMUM RT AND FT." 
With slower RT and FT the apparent width of the pulse 
changes. 


The user must recall two things of importance. One 
is that the apparent starting position and ending 
position of the pulse is a function of the risetime 
programmed. Two is that the apparent width of the 
pulse is a function of the Width Gate as well as 
the RISETIME and FALLTIME control settings. 


The shaped pulse next couples to the Output 
Amplifier. The Output Amplifier performs several 
different functions. One is that additional 
positive clamping is applied to the signal. The 
Amplitude Multiplier is shown (Fig. 10-2) connected 
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DC offset 


programmable 
attenuator 


both to the Pulse Shape Generator and the Output 
Amplifier. The output pulse from the Pulse Shape 
Generator is clipped a bit more by a second clamp. 
The pulse may be inverted by the output POLARITY 
switch. The main function of the Output Amplifier 
is to amplify the pulse and combine it with the 
Offset Voltage being programmed. 


On the front panel, a DC OFFSET control is shown 
with a range of 0 to +5 V. The maximum output 
amplitude possible is 10 V. To this 10 V may be 
added either +5 V or -5 V of DC offset. DC offset 
is essentially a variable polarity constant current 
generator programmed by the DC OFFSET control. The 
Output Amplifier drives a 50 Q Programmable 
Attenuator. With all settings of the output 
attenuator the Output Amplifier drives 50 2. The 
Offset Current Generator may be set to supply up to 
a -100 or +100 mA. Assume the Offset Generator is 
set to supply -100 mA. This means that quiescently 


100 mA is flowing through the output 50 2 to ground. 


This places the quiescent output level of the 
amplifier at -5 V. The pulse when generated begins 
at the -5 V level, therefore, the base line of the 
pulse has been offset by 5 V. On the other hand, 
should the Offset Current Generator be demanding a 
+100 mA this current will be flowing from ground 
through the 50 2 load. This places the output 


quiescently at a +5 V level and the base line of the 


pulse will be riding on a +5 V DC level. This 
variable voltage is entirely controlled by the 
potentiometer labeled DC OFFSET. 


The Output Amplifier is coupled to the Programmable 
Attenuator. Three ranges of attenuation are 
provided: Xl, X2 and X5. With the AMPLITUDE RANGE 
set to 1 V, the X1 attenuation ratio is used and 
the output of the amplifier is coupled directly 
through to the output jack. If the AMPLITUDE RANGE 
is at 0.5 V, then the output pulse level is divided 
by 2. At the 0.2 V position the programmable 
attenuator has a X5 attenuation ratio. The output 
signal is divided by 5 before being coupled to the 
output jack. Because the attenuator is coupled 


between the Output Amplifier and the output jack the 


DC offset value is modified by the amplitude range. 
For example, if the DC offset is set to be +5 V and 
the amplitude range is in the 0.2 V position, the 


offset will be divided by 5 as well as the amplitude 


of the pulse. 
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Fig. 10-5. Interaction of ty tf range, ty multiplier 


and amplitude multiplier. 


Referring to the front panel of the R116 in Fig. 10-1, 
note that the two controls, RISETIME MULTIPLIER and 
FALLTIME MULTIPLIER, are marked "X AMPLITUDE 
MULTIPLIER." Remember that the AMPLITUDE MULTIPLIER 
essentially sets the positive clamp level of the 
pulse. The MULTIPLIER has values between 2 and 10. 
Assume that the AMPLITUDE RANGE is in the l V 
position. The output amplitude of the pulse 

is variable between 2 V and 10 V. If the AMPLITUDE 
RANGE control is at 0.5 V then the multiplier varies 
the output between 1 V and 5 V. With the switch in 
the 0.2 V position then the output pulse amplitude 
is variable between 0.4 V and 2 V. 


To understand why the RISETIME MULTIPLIER and the 
FALLTIME MULTIPLIER settings must be multiplied by 
the AMPLITUDE MULTIPLIER setting, refer to Fig. 10-5. 
Assume the RISETIME/FALLTIME RANGE is set to 10 ns 
with the RISETIME and FALLTIME MULTIPLIERS at 10. 
From the discussion of the R116 Pulse Shape Generator 
recall that the leading and trailing edges of the 
pulses are determined by a ramp generator. A ramp 
rises at a fixed slope. With these settings for 
RISETIME/FALLTIME RANGE and MULTIPLIERS, the ramp 
has a slope of 125 ns/V. 


Assume the AMPLITUDE MULTIPLIER is set at 10. The 
clamp level is +10 V. The ramp rises from its 
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quiescent -0.7 V until crossing the O V level. This 

is shown at біте ё. See Fig. 10-5. The ramp reaches 

+10 V after 1250 ns. The time between +1 V (10%) 

and +9 V (90%) is 1,000 ns. This risetime is read 

from the front panel by taking the RISETIME FALLTIME 

RANGE setting of 10 ns, multiplying by 10 (RISETIME 

MULT.) and by 10 again (AMPLITUDE MULTIPLIER). 

10 x 10 x 10 = 1,000 ns which is the actual 10% to 

90% risetime. If the AMPLITUDE MULTIPLIER is at X4, 

the ramp will reach a value of 4 volts after 500 ns. 

Refer to Fig. 10-5. The 10% - 90% time is 400 ns. 

10 x 10 x 4 = 400 ns. Study shows that the risetime 

indicated by the controls must be multiplied by the 

AMPLITUDE MULTIPLIER setting in all cases. The same double 
rule applies to the FALLTIME controls. | mode 


The student must be careful in interpreting the front 
panel controls. Assume the following settings: 


RISETIME/FALLTIME RANGE - 1 ns 
RISETIME MULTIPLIER = ХТ 
AMPLITUDE MULTIPLIER - X2 


These controls indicate a risetime of 2 ns. However, 
the Output Amplifier of the R116 does not have this 
fast a risetime/falltime capability. This capability 
is on the order of 10 ns. Therefore, any control 
setting calling for a risetime of less than 10 ns 
results in an uncalibrated time and is not permitted. 


The output risetime and falltime are not modified 
by the setting of the AMPLITUDE RANGE switch as it 
switches the Programmable Attenuator.  Attenuating 
a signal with a certain risetime or falltime will 
not change the time relationships. The only effect 
will be to change the amplitude. This is 
illustrated in Fig. 10-6. For waveform No. 1 we 
assume the RISETIME/FALLTIME range x the RISETIME 
MULT x the AMPLITUDE MULTIPLIER gives us a risetime 
of 100 ns. With the AMPLITUDE RANGE control set at 
l V the output pulse is not attenuated and the 
overall risetime is 100 ns. Waveform No. 2 shows 
what happens if the AMPLITUDE RANGE is changed from 
1 У to 0.5 V. This attenuates the signal from 10 V 
to 5 V but does not change the time it takes the 
waveform to reach 5 V. The risetime of the signal 
measured from 10% to 90% for waveform No. 2 is 


A 


203 


exactly the same as the risetime for waveform No. 1. 
Only the AMPLITUDE MULTIPLIER setting changes E Or 
te, not the AMPLITUDE RANGE. 


Refer to Fig. 10-1. The MODE switch located to the 
left side of the front panel shows 6 positions: 
SINGLE, DELAYED SINGLE, DOUBLE, BURST (EXTERNAL 
TRIGGER REQUIRED), GATED OUTPUT and REMOTE PROGRAM. 
We have discussed the operation of the circuit in 
the SINGLE mode only. Now consider the operation 
of the circuit in the DOUBLE mode. In this mode 
the R116 delivers a series of identical pairs of 
pulses. The first of these pulses is always 
delivered at a fixed interval after the PRETRIGGER 
is generated. The second pulse is delayed from the 
first pulse by a time determined by the DELAY or 
BURST TIME RANGE and MULTIPLIER controls. The 
delayed pulse is identical to the first pulse 
except for the time delay between the first and 
second pulses. 


WAVEFORM NO. 1 
AMPLITUDE RANGE 1V 
10V 





WAVEFORM NO. 2 


| 
| 
| 
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5V 





OV | 


100ns | | 100ns | 
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Fig. 10-6. Effect of amplitude range on t, and tf. 
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Fig. 10-7. Simplified block diagram of R116 in 
| double pulse mode. 
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To clarify this action refer to Fig. 10-7. The 
block diagram is similar to the block diagram of 
Fig. 10-2 except for the addition of the Delay 
Generator block. Each time the Period Generator 
creates a Period Trigger it is coupled to both the 
Width Generator and the Delay Generator. The 
trigger pulse to the Width Generator causes an 
output pulse to appear as in SINGLE PULSE mode. 

The Delay Generator is a variable monostable 
multivibrator.  Triggered by the Period Trigger 
into its unstable state, the multi recovers after 

a time determined by the setting of the DELAY RANGE 
and the DELAY MULTIPLIER controls. The minimum 
RANGE setting is 10 ns. The minimum setting of the 
DELAY MULTIPLIER is X5. Therefore, the mimimum 
delay is 50 ns. The maximum delay is 550 us, 

DELAY RANGE at 10 us and DELAY MULTIPLIER at X55. 
After the delay interval, the Delay multi recovers 
to its stable state and delivers a Delayed Trigger 
to the Width Generator. The Width Generator treats 
this signal in the same manner as it treats the 
Period Trigger. That is, a second output pulse 
(identical to the first) is now generated. In 

this mode then, the R116 delivers a pulse 
approximately 30 ns after the Pretrigger appears 
and, later after the delay interval, delivers a 
second identical pulse. See Fig. 10-8. The Delay 
Generator has a + DELAY TRIGGER OUT function. 

This trigger is delivered approximately 30 ns ahead 
of the Delayed Pulse and therefore serves as a 
pretrigger to enable sampling instruments to examine 
the Delayed Pulse only. 


In the DELAYED SINGLE mode the output of the Period 
Trigger is delivered only to the Delay Generator. 
It is not coupled to the Width Generator. Therefore, 
the only pulse that will be generated is the Delayed 
pulse. The Delay Generator cycles with the arrival 
of the Period Trigger and at the end of the delay 
interval, the Delayed Trigger is sent to the Width 
Generator. This results in the generation of a 
pulse in accordance with the setting of the various 
controls. 


In the BURST mode an external trigger is required 
so the Period Generator is locked out until the 
arrival of a trigger. When triggered, the Period 
Generator operates in a free running mode. The 
Delay Generator is used as the Burst Time Generator. 
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When the first trigger arrives, the Burst Generator 
goes into its unstable state. When it recovers, the 
Delay Trigger is coupled back to the Period 
Generator shutting the Period Generator off again. 
Therefore, with the arrival of an external trigger, 
the R116 will deliver a number of identical pulses 
for a time determined by the setting of the DELAY 

or BURST TIME controls. The first pulse is delivered 
at a fixed time interval after the external trigger 
arrives. The minimum burst width is 50 ns and the 
maximum width is 550 us. Note that when operating 
in the BURST mode the operation of the circuit is 
essentially the same as when operating in the 

SINGLE PULSE mode. 


The fifth mode of operation is the GATED OUTPUT mode 
which requires an external +Gate. Suppose for 
example, that a +Gate with 1 ms duration is coupled 
to the R116 +Gate In connector. When +Gate crosses 
+2 V the Period Generator (which has been locked 
out) turns on. The Period Generator operates as in 
SINGLE mode generating a series of identical 

pulses. These pulses continue as long as the +Gate 
is above +2 V. For the example stated, after the 

l ms +Gate ends, the output pulse train ends. 


In the SINGLE, DELAYED SINGLE and DOUBLE modes the 
operator has a choice of INTERNAL or EXTERNAL 
triggering. When in INTERNAL trigger mode the 
Period Generator free runs. When the TRIGGER SOURCE 
switch is placed in the EXTERNAL or MANUAL TRIGGER 
position the Period Generator is disabled and is 
converted to a Trigger Shaping Amplifier. A Period 
Trigger is delivered only when an External Trigger 
is applied. The pulse perzod is determined by the 
external source. A MANUAL TRIGGER push-button on 
the front panel enables an operator to test the 
operation of the circuit in EXTERNAL trigger mode. 


Because of the versatility of the Type R116, there 
are a number of potential traps in the setting or 
programming of functions. For example, assume the 
Type R116 is in SINGLE PULSE mode, and the PERIOD 
RANGE is set for l us. Further assume that the 
WIDTH controls make the Width Gate 2.4 us wide. It 
is obviously impossible to get a pulse 2.4 us wide 
with a period of l us. Instead a pulse which is 
2.4 us wide is generated and a number of the Period 
Triggers are skipped. Fig. 10-9 shows what could 
happen under these conditions. The Period Trigger 
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Fig. 10-9. 
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is delivered at 1 us intervals. The Width Gate 
(generated by the monostable multivibrator) will 
generate its gate with a width of 2.4 us (depending 
upon the setting of the RISETIME and FALLTIME 
controls). Note in Fig. 10-9 that 2 Period Triggers 
are delivered during the duration of the Width Gate. 
These Triggers are ignored by the Width Gate multi. 
At the end of 2.4 us the Width Gate circuit recovers 
and is regenerated by the next Period Trigger. For 
the example given, the period between pulses will be 
3 us with a pulse WIDTH setting of 2.4 us. 

Therefore the setting of the PERIOD controls in this 
case is not accurate. This is only one example but 
an almost unlimited number of other examples could 
be cited to show the need for proper setting of the 
controls. 


A second source of potential error occurs when 
delayed operating in the DOUBLE mode. In this mode the 
trigger Delay must be less than the Period. In Fig. 10-8 
and recall that the Period was 1 us and the Delay was 
double 300 ns. This resulted in a pair of pulses occurring 
mode every l us. Supposing however, through operator 

error the Delay is greater than the Period. See 

Fig. 10-10. For this example we assume the Period 

Trigger is delivered every 1 us. The DELAY controls 

are set for a delay of 1.5 us. The Delay Generator 

is a monostable multivibrator which ignores any new 
triggers until it has completed its own timing 
cycle. The net result is shown in the diagram. 

The first Period Trigger generates the first Width 

Gate and also initiates the first cycle of the Delay 

Generator. 1 us later the next Period Trigger 

appears generating the second pulse but does not 

initiate a new Delay Generator cycle. The Delay 

Generator recovers 1.5 us after the first Period 

Trigger. At that time the Delay Trigger generates 

another Width Gate. 0.5 us later the third Period 

Trigger and second Delay Trigger simultaneously 

generate another Width Gate. The delayed pulse is 

masked by the underlayed pulse. On an oscilloscope 

the pattern would repeat that shown in Fig. 10-10 

indefinitely. The Delay is now uncalibrated. As 

long as the DELAY time is set less than about 907 

of the PERIOD, no problem is encountered. 
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Since the Delay is continuously variable over a 
wide range, the Delay could be set at precisely 
l us. In this case only the undelayed pulse will 
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ever appear. This will also occur if the Delay is 

set to exactly 2 us, 3 us, etc. In addition, DELAY 

can be set too short. If the circuitry generating 

the pulse has not had time to complete the first 

pulse before a second pulse (demanded by the Delay 

Trigger) is to be generated, no second pulse 
disappearing appears. If the DELAY is set too short the Delayed 
pulse pulse simply disappears. 


A third problem area is illustrated in Fig. 10-11. 
The operator must be careful to set the RISETIME/ 
FALLTIME controls for an appropriate risetime in 
relation to the width and period desired. Consider 
output pulse No. 1 where the RISETIME controls are 
set for a risetime and falltime of 1 us. Recall 
from the discussion of the Pulse Shape Generator 
block that the risetime and falltime are determined 
by ramp generators. The risetime ramp is generated 
at the negative edge of the width gate. It rises 
until it reaches the +2 V clamp level. When the 
positive edge of the Width Gate occurs, the Ramp 
Generator is reversed and runs back to -0./ V. 
Recall that any voltage below 0 does not appear at 
the output. At the second negative edge of the 
Width Gate, the identical pulse is again generated. 


Suppose that the RISETIME/FALLTIME controls are set 
too slow. See output pulse No. 2. The RISETIME/ 
FALLTIME controls are set for a 3 us risetime with 
a Width Gate of 2 us. The risetime ramp does not 
Tr, tẹ have time to reach the 2 V clamp level. At the 
too slow first negative edge of Width Gate the risetime ramp 
is generated and, if allowed to, would rise until 
crossing the +2 V level 3 us later. Before this 
time however, the positive edge of Width Gate occurs 
reversing the direction of the Ramp Generator. From 
that point then the ramp runs down at the rate of 
] V/1.5 us reaching 0 V before the next negative | 
edge of the Width Gate. With the next negative edge | 
of Width Gate a second risetime ramp is generated i 
and so on. The R116 AMPLITUDE controls are now 
uncalibrated since the output amplitude never reached 
the programmed 2 V level. 
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no pulse It is possible by using longer ramps to have no 

at all pulse at all. For example, if the Width Gate were 
50 ns with the 3 us risetime/falltime programmed, 
the output signal would never have a chance to rise 
from its quiescent -0.7 V to 0 V, and no pulse would 
appear in the output. 
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Figs. 10-9, 10-10 and 10-11 illustrate 3 specific 
examples of problems. In actual practice it is 
possible to have combinations of those problems at 
the same time with completely unpredictable results. 
The simplest way of avoiding any problems is to 
sketch the desired waveform with the desired 
parameters on paper before setting up the Type R116 
controls or external program. Sketching the 
waveform on paper ahead of time helps to avoid 
impossible pulse parameter control settings. 


All functions of the Type R116 may be externally 
programmed. The following functions are programmed 
digitally: 


Trigger Source 

Mode 

Period Range 

Delay or Burst Time Range 
Width Range 

Amplitude Range 

Polarity 


Risetime/Falltime Range. 


Seven functions are analog programmed: 
Period Multiplier 
Delay or Burst Time Multiplier 
Width Multiplier 
Amplitude Multiplier 


DC Offset (Polarity of offset requires a 
separate switch closure) 


Risetime Multiplier 


Falltime Multiplier. 


Programming of the Type R116 in a system is done 
with the Type 250 Auxiliary Program Unit. A 
program format for the R116 programmed from a Type 
250 is shown in Fig. 10-12. The standard character 
positions for the program cards are characters 74 
through 92 (a total of 19). Of these characters 
one bit is unassigned, therefore, a total of 75 
bits is required to program the Type R116. For 
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those seven functions which are analog programmed 

a resistance must be switched into the circuit by 

the programmer. For the eight digitally programmed 
functions a switch closure to ground or a saturated 
transistor must be provided. In the program format 
the letter S for a character indicates that character 
is a switch closure character. Examples are | 
characters 74 and 77. Characters labeled P, such 

as 75 and 76, are analog characters, that is, the 
card placed in character 75 position contains a 
number of reed switches and a number of resistors 
which are switched in or out of the circuit by the 
reed relays. The Shift Register card for the Type 
240/250 provides an ideal place to provide resistance 
values when they are required. 


delay 
plus 2 


Fig. 10-12 shows correction formulas for those 
characters which program multiplier functions. 
Several of the front panel multipliers have ranges 
like X2 to X10 (AMPLITUDE MULTIPLIER) and X5 to X55 
(DELAY MULTIPLIER). Designing a suitable program 
format for these multipliers presents a problem 
since programming a character to 0000 (analog 
resistance 0 Q) does "ot result in a "0" MULTIPLIER 
setting. In the case of the AMPLITUDE MULTIPLIER 
programming an analog resistance of 0 à gives a X2 
multiplier. The formula was derived to correct for 
this X2 minimum. For all other multipliers a 
similar formula is provided. character 
format 
Character 74, bits 8, 4 and 2 program the DELAY 
RANGE. They duplicate the positions of the front 
panel DELAY RANGE switch. Bit l is unassigned. 
Characters 75 and 76 complete the DELAY programming 
by duplicating the programming functions of the 
DELAY MULTIPLIER potentiometer on the front panel. 
In character 75, bits 8, 4 and 2 are 40, 20 and 10 
respectively. Bit 1 has a 5 value. In character 
76 bits 8, 4, 2 and 1 have a standard BCD coding 
format. The DELAY MULTIPLIER is calibrated between 
X5 and X55. This special code allows any number 
between X5 and X55 to be programmed to the nearest 
0.5 increments. The program scheme is such that if 
no bits are made true in character 74, the DELAY 
MULTIPLIER will automatically be X5. Making bit 2 
of character 74 true will switch the MULTIPLIER 
range to X15. Making bit 8 true programs X45. The 
minimum possible delay is 5 times the DELAY RANGE. 
The delay formula reads M - 5 - P. M is the dial 
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reading of the DELAY MULTIPLIER control and P is the 
value to be programmed. The formula is interpreted 
in the following manner: Supposing that the operator 
wishes to duplicate the setting of the MULTIPLIER 
dial at its minimum value (X5). Therefore M= 5. 

5 - 5 = 0. Therefore P = 0 апа no bits are 
programmed true in either character 75 or character 
76. If the desired MULTIPLIER setting is 25, then 
M is 25. 25 - 5 = 20. The programmer makes bit 4 
of character 75 true. Stated in a different manner, 
the delay is always 5 units greater than the delay 
programmed in character 75 or 76. 
Character 77 is a digital programming bit. Bit 8 
programs DELAYED SINGLE mode. Bit 4 programs 
DOUBLE PULSE. Bit 2 programs BURST mode. Bit 1 
programs GATED mode. Setting character 7/7 to 0000 
automatically programs SINGLE mode. For this 
character only 1 bit may be true at a time. 
Characters 78, 79 and 80 program the PERIOD RANGE 
and MULTIPLIER. Character 78 is a switch 
programming character. Bit 8 programs 1 ms range. 
Bit 4 programs 100 us. Bit 2 programs 10 us and 
and bit 1 programs 1 us. If all bits of character 
78 are zeros the PERIOD RANGE is 100 ns. Character 
79 programs the digital value of the PERIOD 


MULTIPLIER. The MULTIPLIER dial is graduated 
between 1 and 11. The correction formula reads 
М -1=Р. If the minimum PERIOD MULTIPLIER range 


(X1) is to be programmed, M is equal to 1l. 1- i 0. 
P must be zero. Characters 79 and 80 must be all 
zeros. If the programmed PERIOD MULTIPLIER is to be 
X11, then the value of M is 1l. 11 - 1 = Р. 
Character 79 will be programmed 1010. The PERIOD 
MULTIPLIER may be programmed to the nearest lOth of 
an increment through the use of character 80. 


Character 81 contains 2 different functions of 
programming. Bits 8, 4 and 2 set WIDTH RANGE: l us, 
100 ns and 10 ns, respectively. If no bits are true 
іп 8, 4 and 2, the 10 ns range is selected. Bit 1 
of character 81 and bit 8 of character 82 program 
the AMPLITUDE RANGE. The three ranges available 
are: 1 V, 0.5 V and 0.2 V. If l1 V is required, then 
bit 1 of character 81 is made true. If 0.5 V range 
is to be selected, bit 8 of character 82 is made 
true. If neither of these two bits are made true, 
then R116 is automatically in the 0.2 V range. 
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Character 82, bits 4, 2 and 1 program the RISETIME/ 
FALLTIME RANGE. The front panel RANGE switch markings 
аге 1 us, 100 ns, 10 ns and 1 ns. | ns is obtained 
by setting the three bits to O. Both characters 81 
and 82 are digital programmed characters. 





Characters 83 and 84 program the OFFSET MULTIPLIER. 
The MULTIPLIER control is a potentiometer and may be : 

set over the range 0 V through +5 V. Bit 8 of 

character 83 is a switch closure bit which programs | 

—- OFFSET. If this bit is 0 then + OFFSET is : 
automatically programmed. Bits 4, 2, 1 of character 

83 and all of character 84 analog program the amount 

of offset. A maximum of +5 V of offset may be 

programmed. Therefore, binary code higher than 0101 

may not be programmed in character 83. If character. 

83 is programmed 0101, then character 84 must be pulse 
programmed 0000. For example, if +4.8 V of offset | output 
is required, character 83 is programmed 0100 and 84 | 

is 1000. No correction formula is required in this 
case. 


Characters 85 and 86 program the WIDTH MULTIPLIER. 
The correction formula here is M - 5 = P since the 
WIDTH MULTIPLIER is calibrated between 5 and 55. 
Bit 8 of character 87 is a digital bit and programs 
the output pulse POLARITY. With bit 8 made true 
the output pulse will be negative. Bits 4, 2 and 1 
of character 87 program the units of the AMPLITUDE 
MULTIPLIER. Bits 8, 4, 2 and 1 of character 88 
program the tenths. The minimum dial setting of 
the AMPLITUDE MULTIPLIER is 2, therefore the 
correction formula is M - 2 - P. 


Characters 89 and 90 program the RISETIME MULTIPLIER. 
Characters 91 and 92 are duplicates of 89 and 90 
except they program the FALLTIME MULTIPLIER. The 
MULTIPLIER dials for either RISETIME or FALLTIME are 
labeled X1 to Xll. The correction formula is 

M - 1 = P. Character 89 programs units while 
character 90 programs tenths. 
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THE TYPE R293 PROGRAMMABLE PULSE GENERATOR 
AND POWER SUPPLY 


The Type R293 is a programmable pulse generator and 
two programmable power supplies. Fig. 11-1 is a 
front and rear view of an R293. The principal 
system's use of the R293 is the pulse generator 
section which the following discussion emphasizes. 
Recall from the discussion that the R116 has a 
minimum calibrated risetime and falltime of 10 ns. 
Many measurements require pulses with ty and tr 

of less than 10 ns. The Type R293 generates pulses 
with risetime and falltime equal to or less than 

l ns but tr and tg are not programmable. The pulses 





Fig. 11-1. R293 Mod 703M front and rear view. 
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have a repetition rate variable from about 10 kHz to 
100 kHz. The output pulse polarity may be positive 
or negative with the amplitude variable from 6 V to 
12 V. It is important to note that the minimum 
output pulse amplitude is 6 V. Pulse width is 
variable from 2 ns to 250 ns. Programmable 
parameters of the pulse generator are repetition 
rate, amplitude and width. 


(C) 


The Type R293 mainframe also contains a programmable 
power voltage supply which may be programmed between 0 апа | 
supplies -50 V with a maximum current of 200 mA. The second | e 

supply is a programmable current supply. The current I 

available is variable between 300 uA to 300 mA with + 

a maximum source voltage of +20 У. 


60V 

30 
OV 

30V 
OV 


The pulse generator controls are located on the left 
half of the front panel. Refer to Fig. ll-l. Six 
controls are associated with the pulse generator. 
A TRIGGER INPUT BNC connector (rear panel) and the 
TRIGGER SELECTOR switch allow the Type R293 to be 
operated in either INTERNAL TRIGGER mode or EXTERNAL 
TRIGGER mode. In the EXTERNAL TRIGGER mode pulse 
controls repetition rate is controlled by the trigger and in 
INTERNAL mode the rate is controlled by the 
uncalibrated RATE control. Rate is variable between 
approximately 10 kHz and 100 kHz. The WIDTH control 
is an uncalibrated potentiometer which varies pulse 
width over the range of approximately 2 ns to 250 ns. 
The Type R293 generates a Pretrigger. The Pretrigger 
is supplied at the rear panel BNC connector. The 
R293 Mod 703M used in systems has all input and output | 
connectors on the rear of the instrument. An | 
AMPLITUDE PROGRAM switch is located below TRIGGER 
SELECTOR. In the INTERNAL position the amplitude is | 
set by the front panel AMPLITUDE control. In the 
REMOTE position amplitude is analog programmed. The 
POLARITY control is not a programmable function. 
That is, polarity is always set from the front panel. 
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Simplified charge line pulse generator 


and voltages. 


(B) 
Pies. ТТЕ. 


Before examining the operation of the Type R293 we 
charge shall discuss the basic theory of charge line pulse 
line generators. Fig. 11-2A shows a coaxial cable whose 

velocity of propagation is such that the transit 

time from one end of the cable to the other is 10 ns. 

The characteristic impedance of the cable is 50 Q. 

One end of the coaxial cable is left open and the 

cable is said to be terminated by an open circuit. 

The opposite end of the cable is connected 


Zo 
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through S1 to a +60 V power supply. Assuming that 
the switch has been in position A for a long time 
the distributed capacity of the cable is charged to 
+60 V. Since this is true the coaxial cable is 
called a "charge line." Fig. 11-2B shows an 
equivalent circuit for this condition. Because of 
the +60 V charge, the equivalent circuit shows a 
+60 V source. In series with the voltage source a 
50 Q impedance is shown which represents the 50 2 


Zo of the charge line. 


pulse 
width 


The switch for this example is assumed to be a 
perfect switch. It closes in 0 time and has 0 Q 
contact resistance. A waveform ladder diagram for 
the simplified circuit is shown in Fig. 11-2C. At 
time tg the charge line voltage is +60 V and the 
output voltage across the 50 Q output load is O V. 
At time tj assume the switch closes in 0 time and 
that there are no capacitances associated with the 
output load. At tj when the switch closes, the 
output voltage immediately steps to +30 V. At tj 
when the output load voltage steps up from 0 V to 
+30 V, the voltage at the output end of the charge 
line steps down from +60 V to +30 V, creating a 
negative step. This -30 V step is propagated down 
the delay line discharging the distributed capacity 
of the charge line from +60 V to +30 V as it goes. БЕЯ 
After 10 ns the incident -30 V step reaches the open 
end of the charge line. An incident pulse which 
reaches an open terminated end of a coaxial cable is 
immediately doubled. The incident step at the open | 
end of the charge line steps from +30 У to O V. | 
This is the same as doubling the initial -30 V step 
to -60 V. | 


Another way of looking at the action within the | 
charge line is to say that at the time the switch 
closes the capacitance at the output end of the 
charge line is discharged instantaneously from +60 V 
to +30 V. This results in a negative 30 V step at 
the output end of the charge line. Each portion of 
the distributed capacity of the charge line is 
discharged to +30 V in turn as this incident wave 
travels down the charge line. When the incident 
step reaches the open end of the charge line it 
discharges that capacity from +30 V to 0 V. The 
step from +30 V to 0 V is reflected back towards 


avalanche 
Wow lt ch: 
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the output end of the cable discharging the 
distributed capacity to 0 V as it goes. 


As each bit of distributed capacity in the line is 
discharged the energy released is delivered to the 
output load. For the first 10 ns the output 
voltage is +30 V due to this delivered energy. 
After 10 ns the incident pulse reaches the open end 
termination and at this time the reflected -30 V 
step travels back down the line toward the output 
end taking an additional 10 ns. This energy 
released by the discharge is also delivered to the 
output load at a +30 V level. The reflected step 
reaches the output at time t2. At t5 all of the 
energy stored in the charge line has been removed 
and the output voltage steps to 0. Note that the 
output voltage at t4 steps from 0 to +30 V and 
remains there for twice the transit time of the 
charge line. That is, the output pulse is 20 ns 
wide. The output remains at 0 V until S1 is cycled 
back to position A. At that time the switch again 
connects the charge line to the +60 V in a time 
interval determined by the capacity of the line and 
the 50 Q Zo. At this time no output voltage is 
being delivered and the amount of time it takes the 
charge line to recharge is unimportant. 


Two things should be noted from this example. The 
output voltage (using an ideal switch) is 1/2 the 
initial charge line. In addition the pulse width 

is equal to twice the electrical length of the 
charge line. If a wider pulse is required, then a 
longer line is used: For a narrower pulse a shorter 
charge line is substituted. If a different value of 
output voltage is required the charge line is 
connected to a power supply which has twice the 
desired voltage. 


For the example of Fig. 11-2 we assumed an ideal 
switch. Unfortunately, ideal switches do not exist. 
The switch used in the Type R293 is an avalanche 
transistor. This is a transistor whose normally 
back biased collector to base junction may be 
triggered into reverse breakdown. When reverse 
breakdown occurs the collector of the transistor 
effectively goes into saturation at a speed limited 
only by the circuit and transistor capacities. The 
resistance of a saturated transistor is quite low 
but not zero ohms. 
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Fig. 11-3. Charge line pulse generator us ing 
an avalanche transistor. 


Fig. 11-3A shows a simplified Charge Line Pulse 
Generator which utilizes an NPN avalanche transistor 
as the switch. A positive pulse delivered to the 
base switches the transistor to avalanche. The 

125 ns charge line is connected to the +60 V supply 
through a high resistance which also acts as the DC 
collector load for the transistor. The resistance 

is large enough that the junction of the transistor 
collector and the charge line is isolated from the 
supply. Fig. 11-3B shows an equivalent circuit. 

The resistance of an "on" avalanche transistor is 
approximately 20 Q. From the equivalent circuit it 
is apparent that when the transistor avalanches, 

the output voltage will step from 0 V to +18 V across 
the 30 2 output load. The output pulse will continue 
at the +18 V level for a total time of 250 ns, twice 
the transit time of the charge line. In Fig. 11-3 
the effects of capacity have been ignored. The 
capacity associated with the avalanche transistor 
and the output load is such that the risetime of the 
pulse delivered to the output load is on the order of 


1/2 to 1 ns. 


In the R293 actually two avalanche transistors are 
used. In Fig. 11-4 whenever the Rate Generator 
delivers a trigger, the trigger couples to a Fixed 
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Simplified diagram of R293 pulse generator. 
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Delay circuit and a Variable Delay circuit. After 
the Fixed Delay interval of 200 ns, Avalanche 
Transistor No. 1 is switched on. This is equivalent 
to closing the switch shown within the Avalanche 

No. 1 block. The Rate Generator trigger also 
couples to the Variable Delay circuit whose delay 

is variable between 70 and 320 ns. The transit time 
of the charge line is 130 ns. After the variable 
delay interval, Avalanche No. 2 is triggered into 
operation. Avalanche No. 2 connects the left end of 
the charge line to ground when it is switched on. 
When Avalanche No. 2 is turned on, it discharges the 
charge line completely. That is, with the charge 
initially at +60 V the charge line is discharged to 
0 V whenever Avalanche No. 2 is turned on. This 

-60 V step is not seen at the output end of the charge 
line until after 130 ns. A simplified diagram for 
this portion of the circuit is shown in Fig. 11-5А. 


Avalanche No. 1 is connected to the 50 2 output 
load. When it is turned on, the output end of the 
charge line steps to approximately +30 V. When 
Avalanche No. 2 is fired the left end of the charge 
line steps to 0 V. A waveform ladder diagram 
relating Avalanche No. 1, Avalanche No. 2 and the 
Rate Trigger is shown in Fig. 11-5B. 


For the first example, assume that the Variable 
Delay is set for maximum. At tg the Rate Trigger 
appears. 200 ns later at tj Avalanche No. 1 fires. 
320 ns later at t2 Avalanche No. 2 fires. The 
incident pulse from the output end of the charge 
line has been traveling down the line for a total 

of 120 ns (320 ns - 200 ns = 120 ns). It has 10 ns 
to go before reaching the left end of the charge 
line. When Avalanche No. 2 is turned on, all charge 
at the left end of the charge line is removed. This 
forms an incident -60 V pulse traveling to the right 
on the schematic. The -60 V pulse traveling to the 
right and the -30 V pulse traveling meet 5 ns later 
at t3 and the -30 V step traveling to the left 
disappears. The -60 V pulse becomes a -30 V pulse 
traveling to the right. Since the distributed 
capacitances of the charge line are charged to only 
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+30 V, they are discharged the rest of the way to 
ground by this pulse. At time t3 when the pulses 
met, the original pulse had traveled down the charge 
line for a period of 125 ns. The pulse generated by 
Avalanche No. 2 from time t3 travels from left to 
right down the charge line until it reaches the 
output end. This requires 125 ns. At t, the output 
will step to zero because all charge has been 
removed. The output will have a duration of 250 ns. 


It is important to realize the difference between the 
pulse caused by Avalanche No. 2 and the pulse caused 
by Avalanche No. 1. Avalanche No. 1 discharges the 
line only halfway. Avalanche No. 2 discharges the 
line to 0 V. The timing relationships just 
mentioned are those that will exist when the output 
pulse is programmed to be 250 ns. 


For a second example, let us assume that the 
Variable Delay is set to be almost minimum, 72 ns. 
The Rate Trigger appears at tg and 72 ns latrr No. 2 
turns on. The -60 V step travels from left o right 
down the charge line discharging it to 0 v. 200 ns 
after tg Avalanche No. 1 is turned on. At this time 
the Avalanche No. 2 pulse has traveled 128 ns down 
the charge line. It has 2 ns yet to go to reach the 
end of the line. As Avalanche No. 1 turns on, a 

-30 V pulse begins to travel from right to left down 
the charge line and at this time each pulse has 1 ns 
of the charge line to traverse before they meet. 
When they meet the -60 V negative pulse cancels -30 V 
of the incident pulse from Avalanche No. 1 and 
continues to travel from left to right as a -30 V 
pulse. The output load therefore, sees a 30 V 
pulse for a total time duration of 2ns. The 
student should note that by programming the Variable 
Delay or changing the front panel control between 

72 ns and 320 ns any pulse width between 2 ns and 
250 ns can be generated. 


Refer to Fig. 11-4. The Rate Generator controls the 


repetition rate of the pulses. Rate may be internally 


programmed by the front panel RATE control or 
externally programmed by an analog resistor. The 
Rate Generator may operate in External Trigger mode. 
The External Trigger is amplified by the Trigger 
Amplifier and applied to the Rate Generator, which 

in this mode acts as a monostable multivibrator. The 
recovery time is 10 us so if the External Trigger 
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rate exceeds 100 kHz, the output of the Rate 
Generator will count down to 100 kHz. Whenever the 
Rate Generator cycles, a Pretrigger is coupled out to 
the Pretrigger Output jack. Pretrigger appears 
approximately 200 ns before the leading edge of the 
pulse. The Rate Generator output is used to trigger 
the two Delay circuits. As previously explained, 
controlling the Variable Delay interval controls the 
width of the pulse generated. The Variable Delay 
Generator may have its delay set by the front panel 
WIDTH control or in the REMOTE position may be 
programmed by an external analog resistor. 


Avalanche No. 1 is turned on 200 ns after the Rate 
Generator Trigger appears. When Avalanche No. 1 is 
turned on, the leading edge of the output pulse is 
generated. Because of the finite resistance of the 
avalanche transistor and various compensated 
attenuators needed for pulse shaping, the actual 
amplitude of the pulse delivered from Avalanche 

No. 1 is about +16 V. This 16 V pulse with 
predetermined width is fed to a block labeled Pulse 
Shaper and Inverter. 


The pulse may be coupled straight into the Pulse 
Shaper or may be inverted by being switched into 
an inverting pulse transformer. The Pulse Shaper 
circuit consists of a variable amplitude clamp 
circuit and two pairs of snap off diodes. The 
snap off diode pairs, which are normally on, are 
turned off by the leading and trailing edges of 
the pulse. The "snap off" action of the diodes 
reshapes the leading and trailing edges of the 
pulse. The risetime and falltime of the output 
pulse have been degraded because of the presence 
of shunt capacity within the Pulse Shaper circuitry. 
In addition, the inverted pulse is degraded 
considerably by the pulse inverting transformer. 
The Shaper circuit also contains clamp circuits 
which establish the amplitude of the pulse. The 
clamp circuits may be set anywhere between 6 V and 
12 V but even with minimum amplitude program, the 
pulse is still 6 V. The clamping circuits remove 
ringing, overshoot and flat top aberrations from 
the top portion of the pulse. The voltage setting 
for the clamp circuits is controllable by the front 
panel AMPLITUDE control. In the REMOTE position 
amplitude may be analog programmed. 
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Fig. 11-6. R293 program format when programmed 
from a Type 250. 


The Type R293 is much less flexible than the Type 
R116. The R116 does not produce pulses with faster 
than 10 ns risetime/falltime due to the state-of- 
the art of circuit development. If faster risetime 
pulses are required the Type R293 is used. The 
programmer has no control over risetime and 
falltime. He can control, however, the width of 
the pulse between 2 and 250 ns, and the amplitude 
between +6 V and +12 V. 


The Type R293 when included in a system will 
normally be programmed from a Type 250. Fig. 11-6 
shows the normal program format for Type 250. 
Programming the Type R293 uses characters 93, 94, 
95 and 96. Should a second 250 be used in a system 
and the Type R293 programmed from it, character 
assignments would be characters 141, 142, 143 and 
144. Character 93, bit 8 is unassigned. Bits 4, 2 
and 1 of character 93 and bit 8 of character 94 
control the amplitude to the nearest 1/2 V. The 
operator must recall that the minimum amplitude 
setting is an output of 6 V. If, for example, 0011 
is programmed in character 93, the actual output 
pulse amplitude will ебу+ 3 У ог 9 У. If 
character 93 is 0000 and bit 8 of character 94 is a 
0, the minimum pulse amplitude of 6 V will 
automatically be programmed. The amplitude program 


' is restricted to 12 V as this is the maximum output 


available. 


Bits 2 and 1 of character 94 control the 100's 
digit of the pulse width. Bit 2 is 200 ns, bit 1 
is 100 ns. Character 95 bits 8, 4, 2 and 1 control 
the 10's digit and character 96 bits 8, 4, 2 and 1 
control the units portion of pulse width. The 10 
bits associated with width may be programmed for 
any combination between 2 ns and 250 ns. Any width 
outside these limits should not be programmed. 
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No provision is made for programming the repetition 
rate of the Rate Generator. An R293 used in a system 
usually will have the RATE control set to mid range 
and left there. The programmable DC voltage and 
current supplies of the Type R293 are basically 
operational amplifiers which are analog programmed 
via an external resistor or the front panel helidial 
potentiometers. Normally in Tektronix systems, no 
provision is made for externally programming these 
supplies. 


























Fig. 12-1. 
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Fig. 12-2. 
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controls 





рН 


Programmable power supply with door open. 
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PROGRAMMABLE POWER SUPPLIES 


The Stimulus portion of the Type $3130 system 
includes optional programmable power supplies. Up 
to four supplies may be included in a system. 

Three of the supplies are capable of supplying up 
to +40 V with a maximum current of 0.5 A. They are 
usually referred to as A, B, C and D supplies. The 
D supply may be either a +40 V or +80 V supply. 

The supplies are housed in a rack-mounted cabinet 
of similar size to the cabinet housing the 240 or 
230 instruments. 


A front panel view of the programmable supply 
appears in Fig. 12-1. The front panel contains only 
a POWER ON switch, a pilot lamp and a REMOTE 
indicator lamp. The REMOTE lamp is illuminated 
whenever the power supplies are set for external 
programming. The front panel is a swing out door. 

A photograph with the door swung open appears in 
Fig. 12-2. The manual controls for the power 
supplies are shown. Each supply includes a POLARITY 
switch, a VOLTAGE SELECTOR switch with numbers O to 
90 and a 10 turn KNOBPOT with a special knob 
containing a clock-like dial indicator. The short 
arm keeps track of the potentiometer revolutions, 
while the long arm gives individual increments of 
rotation per revolution. The output voltage is 
determined by the SELECTOR setting plus the dial 
reading. 


The front panel controls are normally used only when 
the power supplies are being recalibrated. However, 
should the system's operator desire, the power 
supplies may be left in the local programmed 
position. They are then set by means of the front 
panel controls. When the power supplies are in the 
REMOTE program mode however, the exact voltage from 
each supply installed may be controlled from an 
auxiliary program control unit. Recall from the 
discussion of the Type 240 that all bits available 
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character 
format 


d supply 


between 0.00 V and 40.00 V. The B and C power 


in the Type 240 are already assigned. Any 
programming bits required for these power supplies, 
therefore, must be housed in one of the Type 250 
Auxiliary Program Units. 


Each supply requires a total of 16 bits of 
programming. The exact placing of the bits for 
each power supply within a Type 250 character 
format is optional and the exact assignments will 
vary from system to system. As an example, a 
program format of a programmable power supply is 
shown in Fig. 12-3. Since the programming for the 
A, B and C supplies is essentially the same, only | 
the A power supply programming need be discussed. 

The A power supply is controlled by characters 57, 
58, 59 and 60 of the Type 250. Character 57 bit 8 

is labeled minus. With that bit made true, the 
output of the A power supply will be minus voltage. 
If the bit is left false, the output of the power 
supply is automatically positive. The remaining 
bits 4, 2 and 1 control the tens level of the power 
supply. A restriction is that no more than 40 V 
should be programmed. Therefore, if bit 4 is made 
true, bits 2 and 1 must be false. Character 58 
controls the units value of voltage in an 8421 

BCD format. No more than binary 1001 or 9 should 

be programmed in this character. This also applies 
to characters 59 and 60. Character 59 programs 

100 mV increments of voltage while character 60 
programs the 10 mV increments of voltage. Therefore, 
the programmable power supply voltage is programmable i 
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operational 
amplifier 


supplies are programmed in the same manner, the only 
difference being the character assignments. 


The D power supply, as was previously mentioned, may 
be either a 0 to 40 V supply or a O to 80 V supply. 
The optional 80 V power supply is actually a +100 V 
supply. In order that the same program card may be 
used with the D supply that is used for A, B and C 
supplies, the program format remains the same except 
that within a character all bits may be programmed 
true. In this case, the most significant 

character has bits with values of 40, 20 and 10 V. . 
Programming all of those bits true would give 70 V. 
In the units character programming, all bits true 
gives 15 V. In the 100 mV character programming, 
all bits true adds yet another 1.5 V. While the 

10 mV character programmed true gives an additional 
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0.15 V. With all bits programmed true the total 
voltage supplied is 86.65 V. The nominal 80 V 
supply actually can be programmed to supply the 
somewhat higher figure. When in local program mode 


this supply can be set to + 100 V by the panel 
controls. 


Each of the power supplies itself is an operational 
amplifier floating with respect to ground and having 
no internal connections grounded. This special 
operational amplifier is designed to supply a 
unipolar voltage while an ordinary operational 
amplifier is capable of bipolar voltage swing. This 
unipolar capability has an important effect on the 
method used to obtain plus and minus voltages. Each 
amplifier is a Kepco Model OPS 40-0.5(C).* To better 
understand the operation of these power supplies let 
us review some of the fundamental concepts of 
operational amplifiers. 


An operational amplifier is a high gain amplifier 
with differential inputs. One of the differential 
inputs is in phase with the output while the other 
input is 180? out of phase with the output terminal. 
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Fig. 12-3. Power supply program format when 


programmed from a Type 250. 


*Trade Mark Kepco, Inc., Flushing, N.Y. 
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Fig. 12-4A shows the symbol used for the basic 
operational amplifier. The differential inputs are 
identified by the + and - symbols and do not 
indicate DC voltage polarities. The output signal 
is 180° out of phase with a signal at the - input 
while in phase with a signal at the + input. The 
output terminal is shown from the vertex of the 
triangle along with a ground connection. This 
connection is not ordinarily shown in an operational 
amplifier but its presence must be understood. That 
is, the operational amplifier supplies a voltage 
which is of some polarity with respect to ground. 
Therefore, there must be an internal connection to 
ground. 


zero volt 
input 


The operational amplifier is a high gain amplifier. 
The gain of the basic amplifier as symbolized in 
Fig. 12-4A is referred to as open Loop gain. Open 
loop gain may be defined as the ratio of a 
differential input voltage between - and + inputs 
and the output voltage measured between the output 
terminal and the ground connection. One of the 
major goals in the design of operational amplifiers 
is to obtain a very high open loop gain. The gain 
for the amplifiers used is in excess of 10,000. 
With a 10 V output signal, the input signal is 

1.0 mV. If 40 V were measured at the output of the 
amplifier, then the differential input signal would 
be only 4 mV. Because of the high gain of the 
amplifier the amount of differential input signal 
required to produce an output is very small. 


The operational amplifier is ordinarily operated as 
a feedback amplifier. The feedback component is 
normally connected between the output and the minus 
input as shown in Fig. 12-4B. The feedback component 
for the programmable power supply is Rf. To examine 
the operation of the amplifier with the feedback 
loop present, assume that a constant current 
generator is connected as shown in Fig. 12-4B. The 
electron current flow direction is as indicated by 
the arrow and 1 mA of current is flowing. The 
operational amplifier minus input has a very high 
impedance. Such a small current is drawn from the 
minus input terminal that we may assume it to be 
zero. The entire 1 mA of current must flow through 
the Rf component. Assume that R¢ is 10 kQ. In 
order for 1 mA of current to flow through a 10 kf? 
resistance, the voltage across the resistance must 
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be 10 V with the polarity indicated. The voltage at 
the output terminal of the amplifier for this 
condition would be -10 V with respect to ground. 


This may be restated by saying that the operational 
amplifier is being called upon to supply at its 
output terminal a -10 V signal amplitude. For -10 V 
to be appearing at the output terminal there must be 
a DC signal between the differential inputs of 


ap x 10 V=1 ov. 


For our purposes we assume that the voltage is 0. 
Study establishes the point that, within the 
conditions of Fig. 12-4B, if the Re component is 
increased in value to say, 20 kQ, the output voltage 
would be -20 V while the differential input signal 
would be 2 mV. If Rf is increased to 40 kQ, the 
output voltage would be -40 V and the differential 
input signal would be 4 mV. For many purposes a 
signal level of only a few mV may be ignored. 


OUTPUT 
GROUND CONNECT | ON 


Fig. 12-4A. Operational amplifier symbol. 


-10V OUTPUT 





Fig. 12-4B. Operational amplifier with feedback 
loop. 
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Fig. 12-4C. Operatio р о 
10k | 
E -E OUTPUT i 
eset tE OUTPUT T 
(common 
- + 
+ SYSTEM OR FIXTURE 
T GROUND CONNECT ION 
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Fig. 12-4E. Power supply delivering * voltage to 
load. 


Therefore, the differential input voltage is 
considered to be 0 У. The - input of an operational 
amplifier is called a null input because the 
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feedback voltage and current act to bring it very, 
very close to the + input. 


Notice that in the present operating condition, by 
varying only the value of Rg the output voltage of 
the amplifier may be controlled. If very accurate 
Rf components are used (0.1% accurate resistors), 
the value of the output voltage may be very closely 
controlled. This is true as long as the current 
demanded by the generator is kept to the 1 mA 
figure stipulated here. 


The current generator to the minus input may be 
implemented as shown in Fig. 12-4C. A very 
accurate voltage source is connected to the minus 
input through a high accuracy resistor normally 
called R;. With Rg connected, the minus input will 
be at a null with the positive input. The positive 
input is grounded which means that for all practical 
purposes the minus input may be considered to be at 
a 0 V potential. The minus input is at O V and the 
input end of R; is at +6.2 V. By adjusting В; to 
exactly 6.2 kQ, the current drawn from the null 
point is 1 mA. By using a 5.7 kQ +0.1% precision 
resistor and placing a 1 kQ potentiometer in series 
with Ri, the amount of current passing through Б; 
may be set to 1 mA with a high degree of accuracy. 
This method is used in the programmable power 
supplies of the system. 


If O V is required at the output terminal, Rf is 
made 0 2. The output of the amplifier is connected 
directly back to the input of the amplifier. In 
this case the output voltage must be 0 V. With 1 mA 
of current flowing through the Rg component, the 
value of resistance required to program a particular 
increment of voltage is easily determined. Since 
passing 1 mA through a resistance of 1000 2 requires 
1 V, the program resistor value may be defined as 

1l kQ/V of output. Based upon a value of 1000 2/V, 
if 10 mV increments of output voltage are to be 
programmed, then 10 2 increments of resistance must 
be available. To program tenths of volts requires 
100 & resistors. To program volts requires 1000 9 
resistors and to program tens of volts requires 
10,000 2 resistors. 


The operational amplifier used in the programmable 
power supply operates in a similar fashion to that 
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of Fig. 12-4C. The unipolar amplifier is designed 

to deliver a negative voltage from its output 
terminal and only a negative voltage. However, the 
operational amplifier is not internally grounded. 
Fig. 12-4D shows a simplified diagram illustrating 
this point. The connections which are shown as 
grounded in Fig. 12-4C are actually connected 
together internally and brought out as a separate 
output called "+E Output (common) line." The 

output of the amplifier is called "-E Output." -E 

in this case refers to the fact that only a - 

voltage (with respect to the +E Output (common) 

line) may be generated. The two outputs are 
connected to the load. In the example of Fig. 12-4D, 
the bottom end of the load impedance is shown 
connected to ground. This ground will be the system 
ground, that is, the common ground at the point where 
the measurement is to be made. With this connection 
the voltage delivered to the load is negative by 10 V 
with respect to system ground. 


Should a positive voltage be required for the load, 
the output terminals are inverted to the load. This 
is illustrated in Fig. 12-4E. The -E output and +E 
output are interchanged to the load which produces 

a positive voltage. This is the method of 
generating a positive output voltage from the Kepco 


power supplies used in the system. The interswitching 


is done automatically by the programming of the minus 
bit previously mentioned in the programming format. 
The normal connection will be shown in Fig. 12-4E. 
With character 58 bit 8 false a positive voltage is 
delivered to the load. With bit 8 true the 
connections are as shown in Fig. 12-4D and the 
voltage delivered becomes a negative voltage. 


The programmable power supplies are normally housed 
at some distance from the fixture where the 
measurement is actually made. They are placed 
within the large relay rack cabinet housing the 
system. This means that the power supply connections 
must pass through a number of connectors before 
reaching the Fixture table. In addition, in the 
Fixture table a number of additional switch contacts 
may appear in the load path. If only a few mA of 
current is drawn by the load, the contact resistance 
of the switches and connectors may be negligible. 
However, the Kepco power supply is capable of 
delivering up to 0.5 A. If this much current is 
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flowing through the lines from the operational 
amplifier to the load, even a fraction of an ohm of 
contact and cable resistance may introduce a 
significant difference between the voltage programmed 
from the power supply and the voltage delivered to 
the load. To correct this possible error the method 
of delivering the DC voltage to the load is modified. 


This is shown in Fig. 12-5. The lead from the null 
point through Rg is brought out separately and is 
called the '"- Sensing" line. The -E line and +E 
Common output line are brought out separately. The 
connection between the reference voltage source and 
the + input is brought out as a separate line called 
"+ Sensing." These four lines are conducted through 
all the interconnecting cables and connectors and 
are joined directly at the load. If the load 

is passing large amounts of current, the lines 

which carry that current are -E and +E. The current 
through the - Sensing and + Sensing lines is only 

l mA. A fraction of an ohm of resistance with 1 mA 
of current would mean only a small voltage drop. 
Bringing the - and + Sensing lines out to the load 
allows the operational amplifier to correct for line 
losses in the -E and +E lines. Within the current 
capability limits of the amplifier the voltage 
delivered to the load will remain within +0.15% 

+3 mV of the programmed value. This system, although 
requiring extra lines, assures an accurate voltage at 
the load, instead of at the output of the amplifier. 


When a positive voltage is required from the 
amplifier, all four leads are interchanged by a 
relay within the programmable power supply housing. 
The setting of the relay is controlled by the 
polarity programming. 
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Fig. 12-5. Power supply using * and - sensing lines. 
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Fig. 12-6. Simplified schematic of power supply 
program cards. 


The value of R¢ is set by the 15 lines of 
programming previously mentioned. The method of 
incrementing the programming is illustrated in 

Fig. 12-6. This is a simplified diagram of the 
program card which converts the digital programming 
to analog resistance. A total of 15 resistors are 
connected on a single card. Each resistor is 


paralleled by a normally closed read switch contact. 
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When a bit is programmed affecting that increment 
of resistance, the switch is opened placing that 
value of resistance in the circuit. The total 
string of resistors is connected in the position of 
the resistor labeled Rg in Fig. 12-5. The resistors 
are grouped so as to show the bit value for each 
resistor and the amount of voltage increment that 
that resistor controls. In Fig. 12-6 the output 
voltage amplitude is programmed to be 6.4 V. The 

] V incremental resistors 2000 2 and 4000 2, are in 
the circuit and the 400 Q resistor programmed in 
the 100 mV incremental position is in the circuit. 


Referring to Fig. 12-6 the resistance values present 
would allow more than decimal 9 to be programmed in 
any single character. However, when using the 40 V 
power supply, if the programmer restricts his 
programming to no more than BCD 9 in a character, much 
less confusion in programming will result. 


The D supply, since it uses this same program card, 
must be programmed in a different manner whenever a 
voltage higher than 40 V is required. For example, 
if 70 V is desired the programmer programs bits 4, 
2 and 1 of the 10 V character true. The Rf 
resistors become 40 К + 20 k + 10 К, ог 70 КО апа 
the output of the power supply becomes 70 V. Note 
that all switch contacts may be opened giving the 
previously mentioned 86.65 V of output. Normally 
however, the supply should be thought of as an 80 V 


supply. 
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DISCUSSION OF FIXTURING AND PROBLEMS 





The Fixture section of the $3130 system is the 
place in which all interface connections to the 
device to be tested are made. Connections to 
Fixturing include: (a) All outputs from the 
Stimulus section, (b) All signal acquisition inputs 
to the Measurement section, (c) Fixture Control 
lines from the Memory and Control section. 





Fig. 13-1. Fixture table with test station. 


The greatest variation between one system and 
another is found in the Fixture area. Some systems 
have been shipped to customers without any Tektronix 
supplied Fixture equipment. Other systems contained 
everything necessary for the measurement except the 
final connections to the device under test. 
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A representative Tektronix Fixture table is shown 
test in Fig. 13-1. The table contains a Test Station. 
station The Test Station provides the interface between the 

Type $3130 system and the device under test. Inputs 

to the Test Station include the outputs from the 

Programmable DC Power Supplies, Programmable Pulse 

Generator, Signal acquisition probes and 32 program 

lines programmed from a Type R250. 


LE LN TN NER ETO NN EN NONE 





The DC power supply lines and the Fixture program 
lines connect to a 56 pin connector called the 
Fixture socket. A Fixture socket is shown in 
Fig. 13-2 which is a picture of the table with the 
lid raised to show the interior. The test socket 
into which the device to be tested must be 
fixture inserted is placed on a Test Fixture card. Test 
cards Fixture cards are generally supplied unwired in 
order to allow the customer to custom wire the 
final connections. A and B Fixture cards are 





Fig. 13-2. Fixture socket. 
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chopper 
sockets 


shunt 
capacity 


supplied in this form because of the enormous 
variety of devices which are suitable for testing 
in a system. One of these test cards appears in 
Fig. 13-3. 


The Fixture program lines when programmed true, 
supply +24 V DC with a current capacity of 100 mA. 
These lines may be used to control reed relays 
mounted on the Fixture card at the customer's 
option. A typical Fixture logic program character 
format placed in characters 49 through 56 of the 
Type R250 is shown in Fig. 13-4. The format shows 
the assigned number for each Fixture logic line 
along with the Fixture socket pin number to which 
that line connects when activated. Since the 
function of each line will vary with the Fixture 
card actually installed, the system programmer 
must determine what function is actually performed 
by a particular Fixture logic line. 


The Fixture card has two input connectors (visible 
in Fig. 13-9B) which are positioned below the card 
to engage the tips of two probe chopper units 
mounted below the Fixture socket. When the Fixture 
card is inserted into the Fixture socket the spacing 
is such that the chopper tips make contact. 


For a normal system two probes are used. These 
probes may be either two Type $3 probes or two Type 
P6045 FET probes. The 53 probes are used when the 
3S6 uses $3 Sampling Heads. When the 356 uses 51 
Sampling Heads, P6045 probes are used. Between 
either type probe and the Fixture card, probe 
choppers are normally installed. Recall that this 
permits DC voltage measurements with respect to the 
Fixture ground. When utilizing 53 probes the 
measurement bandwidth is DC to 1 gHz. When utilizing 
P6045 probes bandwidth is approximately DC to 250 MHz. 


Fixture cards utilizing only two probes have a 
problem. When it is desired to switch the signal 
acquisition probe between several input or several 
output pins, switches (relays) must be incorporated 
between the probe tip and the device under test. 
Relays available are usually of the dry reed type 
which have very high open impedance, and very low 
forward impedance but do introduce shunt capacity 
to the circuit. This shunt capacity along with 
lead length may result in aberrations if very fast 
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risetime (less than 1 or 2 ns) input or output pulse 
waveforms are to be viewed. It is difficult to lay 
out a card in such a manner as to use switching 
between the probe tip and the device without 
introducing waveform aberrations. 





Fig. 13-3. Fixture test card. 
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Fig. 13-4. Fixture logic program format. 
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One solution to this problem utilizes multiple 
probes. A 12-2 random access 50 2 coaxial relay 
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probe matrix has been designed which may be placed E- 
matrix between 2 S1 heads and up to 12 P6045 FET Probe ES 
amplifiers. The output impedance of the Probe 3 
amplifier is 50 Q. Те coaxial random access e осе a а. ы E i 
matrix permits any 2 of 12 probes to be selected by 
programming. The probes may be permanently connected E Е 
to 12 test device leads. By means of the matrix any | D a 





two of them may be activated. This simplifies fast 
risetime measurements since the extra shunt capacity 
and lead length of relay contacts is avoided. 


Shen qb NAA 


A 12-2 probe matrix program format is shown in І 
Fig. 13-5. The program bits may be installed in 
any position of either of two R250's. For this 
example, characters 97, 98, 99, 100 and half of 101 
were used. A total of 18 bits is required. This 
non-standard program format necessitates an 
examination of the switch contact layout on the 
matrix for explanation. This is shown in Fig. 13-6. 
Coaxial 50 2 relays are used as the switching 
elements. 
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A complication of a matrix of this type is that all 
lead lengths must be equalized so that any 2 
selected probes, if connected to the same signal 
source, will show a time coincident signal displayed 
on the CRT. That is, the transit time through the 
various cable paths must all be equal. In order to 
matrix facilitate the design of this matrix, a total of 18 
design relays were used. Six of the relays are of the 
double-pole double-throw variety. The other 12 
relays are single-pole single-throw. The connections 
shown on the left of the diagram connect to the 12 
probe amplifiers. The 2 output connections go to the 
S1 Sampling Heads being used. 





Switch contact layout on the 12-2 probe matrix. 
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Fig. 13-6. 


CHAR 8 4 2 1 


A1 OR (A2) B2 OR (BI) | (A2) & (A1) | A3 OR (A4) 
EJ B4 OR (B3) | (A4) & (B3) | A5 OR (Аб) B6 OR (B5) 
| 99 | (A6) & (B5) | A7 OR (АВ) | B8 OR (BD) | (AB) & (B7) 


A9 OR (A10) | B10 OR (B9) | (A10) & (B9) | AT1 OR (A12) 
101 | B12 OR (B11) | (A12) & (B11) mec 
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Fig. 13-5. 12-2 Probe matrix program format. 
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Assume that it is desired to connect input probe 1 
to the A output. Bit 8 of character 97 is made true. 
Bit 8 actuates relay contact K7A of the diagram 
which completes the signal path. Note that relay 
K1A in its normally relaxed position completes the 
circuit between pin 1 and the A output. If probe 2 
is to be connected to the B output, making bit 4 of 
character 97 true closes relay contact K8A. If it 
is desired to interchange the two probes so that 
probe 2 goes to the A output and probe 1 goes to 
the B output, character 97 bit 2 is made true. 

This bit actuates relay Kl. The double-pole 
double-throw contacts are arranged as a reversing 
switch. The signal paths now connect probe ріп 1 
to B output and probe pin 2 to the A output. Note 
particularly in this case that in order for the A 
output to connect to pin 2 and the B output to 
connect to pin 1, bits 8, 4 and 2 of character 97 
must be made true. 


This arrangement is repeated for each pair of probe 
inputs. That is, a similar program sequence is 
utilized for probe inputs 3 and 4. This time 
however, if pin 3 is to be connected to the A 
output, then bit 1 character 97, labeled A3, is made 
true. Tracing the signal shows that this probe 
would be connected to the A output at this time. If 
character 98 bit 8 is made true, then pin 4 connects 
to the B output. Programming bit 4 character 98 
reverses these two connections. The same technique 
must be used to program the paired input pins 5 and 
6, 7 and 8, 9 and 10, and 11 and 12. This matrix 
May connect any output pin to either probe. 


It is impossible to connect any of the pairs of 
probes (1 and 2, 3 and 4, etc.) to the same output. 
This is not desirable since the entire system is a 
50 2 coaxial system. Connecting two probe inputs 

to the same output would result in a mismatch with 
resulting signal aberration due to reflections. It 
is possible however, to program unpaired probes to 

a single output. For example, probes 1 and 3 could 
be connected to the A output. The programmer should 
avoid paralleling probes in this manner. 


The probes themselves would be connected to the 
device under test as close to the circuit pins as 
possible in order to avoid aberrations due to 
capacity, lead inductance, etc. By a suitably 
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Fig. 13-7. Multiple probe matrix installed in a 
fixture table. 


designed Fixture card using 12 probes, a very 
flexible measurement fixture can be constructed. 
For example, if testing 16 pin dual in-line flat 
packs, the probes may be connected to any one of 12 
of the 16 pins provided. Since at least two pins 
are usually used for power supply connections to 
the integrated circuit on the IC clip, many circuit 
configurations of IC's could be tested by properly 
programming the probe matrix. 


A picture of the multiple probe matrix installed in 
a Fixture table appears in Fig. 13-7. The coaxial 
switches and associated circuitry are located below 
and in back of the test Fixture table. For this 
particular installation six P6045 probes were 
installed. The probe amplifiers and associated 
power supplies are located to the left in the photo. 
For this specific installation an additional probe 
Iype P6046 was installed. The P6046 is a 
differential probe which includes a differential 
amplifier. This probe may be physically connected 
on the Fixture card whenever differential 
measurements are desired. This particular system 
utilized only 7 of the 12 possible probe inputs to 
the 12 - 2 matrix in order to allow for future 
expansion. 
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Fig. 13-8. Test station control unit. 


When repeated measurements are made on similar type 
components such as IC's, considerable measurement 
time is lost in the loading and unloading process. 
One answer to this problem uses automatic handlers. 
Handlers are available which can be mated to the 
test Fixture card in such a manner as to provide 


automatic loading and unloading. Problems associated 


with this kind of measurement include the difficulty 
associated with making dynamic measurements through 
relatively long test leads.  Ringing and aberrations 
can be introduced if fast risetime and falltime 
pulses are being used for testing purposes. 


Another answer utilizes a multiple Test Station 
set-up. The Type $3130 is available with up to four 
remote Test Stations. Each Test Station is a 
duplicate test Fixture area. Each one of the Test 
Stations receives all outputs from the Stimulus 
portion of the system, provides duplicate inputs to 
the Measurement portion of the system and is 
programmable via the program control units of the 
system. 


Each Test Station is equipped with a Test Station 
Control unit which is illustrated in Fig. 13-8. 
Each of the Station Control units has four 
thumbwheel switches which can be set to any desired 
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Type 240 measurement number. Recall from the 
discussion of the Type 240 that the address may be 
entered from an external source if the front panel 
address SOURCE switch is in the EXTERNAL position. 
When utilizing the Test Station Control unit, the 
Type 240 must be set for an external address. When 
enabled the Test Station Control unit supplies the 
proper digital information to the Type 240 to 
determine the first measurement which is to be made. 
To the right of the address selection thumbwheels 
are two pushbutton switches. One is labeled START 
and one is labeled RESET. START, when depressed, 
sends a trigger to the Type 240 and supplies the 
Measurement Address. The Type 240 will be in READ 
TEST SEQUENCE FROM DISC mode. 


Upon receipt of the trigger and the first measurement, 
the Type 240 locates the address, loads the 
measurement into the Shift Registers and performs 

the measurement. The Type 240 then continues through 
its own programmed sequence. The Test Station 
operator has initiated a complete Measurement 

sequence by selecting only the first address of the 
sequence. The sequence may include up to 1600 
measurements as determined by the programmer and Disc 
Memory capacity. 


When the Type 240 reaches the final measurement in 

a sequence it stops. At that time the Type 230 will 
be displaying limits information for the final 
measurement. As the final measurement is clocked 
into the Storage Registers of the Type 230 the front 
panel red, green and yellow LIMITS lamps are enabled. 
At the same time one of the three duplicate RESULTS 
lamps on the Test Station Control unit is enabled. 
These lamps may be seen in Fig. 13-8 across the 
bottom portion of the front panel. The illumination 
of one of these three lamps is a signal to the 
operator that the test sequence has been completed. 


In addition, if the final test in the sequence has 
been selected properly, the lamps may also supply 
device sorting information. The devices may be 
graded according to their response to the final test 
of the measurement. Recall that with the branching 
options available in the Type 240, the final test in 
a sequence may be in any one of three different 
branches. Therefore, by proper programming the 
device can be selectively tested. The operator may 
place the test device into the appropriate storage 
bin for further processing. | 
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For systems with two Test Stations, while one station 
has control of the Type 240 and has its device being 
measured, the other Test Station operator may be 
unloading and loading another device. If both Test 
Stations are testing the same type of component the 
sequence would be as follows: Station No. 1 operator 
loads a device and presses the START button. While 
station No. 1 is in control of the system, Station 
No. 2 operator unloads a tested device and loads 
another. While station No. 2 is in command of the 
system, station No. 1 may be unloaded and reloaded. 
By alternating between Test Stations, full use of 
the measurement speed of the complete system may be 
made. 


Alternating between stations permits each station to 
test entirely different devices. Each Test Station 
can select a different sequence since the Station 
Control units are independent. This provides great 
flexibility in the unitization of the system. Ina 
system with four Test Stations testing of up to four 
different devices may be made simultaneously. 


On the front panel of the Test Station Control unit 
immediately above the START button, a white IN TEST 
lamp is illuminated whenever that Test Station is 

in control of the system. If station No. 2 initiates 
a test sequence before the system has completed a 
sequence from station No. l, a different panel light 
will be illuminated. This is the blue lamp labeled 
WAITING. While this lamp is illuminated, station 
No. 2 will simply be waiting until station No. l's 
sequence is terminated. At that time station No. 2 
will automatically assume control of the system. 

The Test Stations operate in a time sharing mode. 
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Automatic circuitry located in the system continuously 
scans the Station Control units. The Station 
Sequencing circuitry scans each station in rotation 
until locating one which has a test signal actuated. 
The scanning sequencer stops at that station and 
enables it. At the end of the measurement sequence 
for that station the Station Sequencing circuitry 
automatically resumes its scan cycle. 


The Station Sequencing circuitry is actually housed 
within the system's Interface Unit which was 
discussed in Chapter 9. Recall that on the front 
panel of the Interface Unit a switch labeled STATION 
SELECT appeared. This switch has five positions 
labeled STATION 1, STATION 2, AUTO, STATION 3 and 
STATION 4. When the switch is in the AUTO position 
the stations are continuously scanned. The stacione 
may be selected manually by means of the STATION 1 
through 4 positions of the switch. The Test Stations 
themselves may be physically located in separate 
tables or in larger tables with 2 stations per table. 


The Fixture Control circuitry connects Stimulus and 
Measurement sections only to an "In Test" station. 
Other stations have power removed from the Fixturing. 
This is accomplished by switching circuitry housed 
within the system's Interface Unit. 
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A. Top view. B. Bottom view. 





C. Fixture card with load card removed. 


Fig. 13-9. Fixture card designed to test DTL logic 
integrated circuits. 
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A complete Fixture card is available which is 
designed to test DTL logic integrated circuits. The 
card is shown in Fig. 13-9A which is the top view 
and 13-9B which is the bottom view. The card is 
designed to accept 16 lead dual in-line flat pack 
IC's. The card is actually in two parts. One part 
contains all of the Fixture Switching circuitry 
which is done via reed relays which may be seen in 
the bottom view of Fig. 13-9B. The second part called 
the DTL Load card contains the device socket and 
associated load resistors. This can be viewed in 
Fig. 13-9A. Fig. 13-9C shows the Fixture card with 
the DTL Load card removed. The complete Fixture card 
is designed to supply correct operating voltages and 
load resistances as required for testing DTL units. 
It has been designed in such a manner that signal 
acquisition for measurement purposes is done with a 
minimum of distortion and aberrations. One load 
card would be required for each different type of 
DTL IC which is to be tested. The card pictured 

was designed for testing Motorola MC830P dual four 
input gates. 
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TYPES OF SYSTEMS OFFERED 


When discussing automated testing systems 
manufactured by different companies, they are often 
compared on the basis of fixed word length versus 
variable word length programming. Since a great 
deal of confusion exists on this subject it is well 
to examine just what is meant by these terms. A 
fixed word length program requires that a fixed 
number of bits be programmed each time a measurement 
is made. 


Tektronix systems use a fixed word length format. A 
Туре 53130 with one 240 and two 250's uses a word 
length of 576 bits. This is true because each of 
the 3 instruments contains one 48 character 
register, which with 4 bits per character gives a 
total of 192 bits. The 3 instruments, therefore, 
use 576 bits. Each time a new measurement is made 
an additional 576 bits must be provided for the 
Measurement. Note however, that 576 bits include 
programming for the complete system including all 
Control functions, all Measurement functions, all 
Stimulus functions and all Fixturing functions. 


If a long series of measurements are to be made, 
then a great many bits must be provided for the 
instrument. For example, consider an $3110 system 
using a Type 240 Program Control Unit alone. The 
reader will recall that a single Type 240 provides 
the program capacity for the sampling vertical, the 
sampling time base and the Type 230 Digital Unit. 
In addition, the first 6 characters and the last 2 
characters provide address information and special 
program options. Each time a new measurement is 
programmed the Type 240 must be reloaded with 192 
bits. Each character loaded requires a parity bit. 
In this discussion parity is not included since 
parity may be generated by a very simple logic 
circuit at the time it is required. That is, parity 
need not be stored. For a 10 measurement series 
1920 bits would be required. If the programming of 
the Type 240 were being done directly from a 
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computer, the computer memory would be required to 
store and handle a large number of bits. This is 
the principal disadvantage of the fixed word length 
format. 


A variable word length instrument, presently 
manufactured by another company, operates on a 
different principle. This instrument combines the 
functions of the sampling vertical, the sampling 
time base, the digital unit and storage register 
capacity in one instrument. That is, each section 
of the measurement portion of the instrument has 
its own registers. These registers are not in a 
Shift Register format but are arranged in 7 groups 
called Fields. Each Field may be addressed 
independently. Addressing is done by means of ASCII 
characters. To address a particular Field requires 
two alphabetic symbols and between 4 and 6 
additional alpha numerical characters. For example, 
one Field is addressed by sending 2 letters plus 6 
additional characters so that addressing this Field 
requires a total of 8 ASCII characters. Each ASCII 
character contains 7 bits so the Field address 
requires a total of 56 bits. Two require 49 bits 
and one requires 42 bits. Addressing all Fields 
requires 52 characters with a total of 364 bits. 


bit cost 





| 


twelve bit 
information 


The sequence of operation of this instrument is such 
cal lout 


that for the first measurement in a series of 
measurements, all 7 Fields must be programmed. For 
all succeeding measurements only those Fields which 
require a change need be addressed, hence, the term 
"variable word length." For example, assume a 10 
measurement sequence is to be performed. For the 
first measurement 52 ASCII characters are required. 
Assume that for 9 further measurements only 2 of the 
Fields need be changed for each measurement. In 
other words, for each succeeding measurement 16 ASCII 
characters are required. This means that for the 
complete program, a total of 196 ASCII characters 
must be sent to the instrument. This is a total of 
1372 bits versus the 1920 bits required by the 


Tektronix instrument. 
direct 


computer 
programming 


This instrument is designed to be programmed from 
either a perforated tape reader or directly from a 
computer. The Tektronix instrument, on the other 
hand, may be programmed from punched tape, Data 
Disc Memory, or directly from a computer. When 
programmed from a computer, the competitive system 
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requires that 364 bits of Computer Memory be tied 
up in the programming of the system. On the other 
hand, the comparable Tektronix system requires 192 
bits of Computer Memory. 


In addition, the Data Disc Memory provides a unique 
approach to the problem of saving Computer Memory. 
Most computers use magnetic core memories. The 
cost of magnetic core memories is relatively high, 
between 2.5 and 5 cents per bit. The Data Disc 
provides a relatively inexpensive memory. The Data 
Disc with 800,000 bits storage capacity costs 
approximately $0.0075 per bit. With this auxiliary 
storage capacity available the Tektronix system 
possesses a powerful advantage when operated from a 
computer. 


The computer need only send 12 bits to command a 
complete new program which is a significant saving 
over the variable word length system. With 1600 
measurements available on the Data Disc, changes 
from one measurement to the next may be programmed 
by feeding the results of each measurement back to 
the computer and allowing the computer to analyze 
the results. The computer may then call up the 
next measurement from a large number of potential 
programs. The savings in bits may be spectacular. 
The variable word length system described did not 
include those bits required for the necessary 
portions of the system such as Stimulus and 
Fixturing. When using the variable word length, the 
Field organization requires that a significant 
number of bits be programmed even though only one 
small parameter is to be changed. Thus on a bit for 
bit basis, the differences between variable word 
length and fixed word length disappear. Even the 
most complex Tektronix system using 576 bits can be 
called out from the Disc Memory by means of only 12 
bits. 


Some Tektronix systems are programmed directly from 

a computer without either the Data Disc or perforated 
tape being used. In this case, the computer is given 
access to the Type 240 through the Tape Read 
connections. In order to load a program into the 
Type 240, the computer must be programmed not only to 
read in the character on four parallel lines in the 
8421 BCD format, but also to supply the Tape Parity 
bit. In addition, the necessary Timing pulse must 
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be supplied. The loading speed through the Tape 
inputs when using a Tape Reader is limited by 
mechanical speed. The computer however, is capable 
of very high speed loading. Therefore, data can be 
loaded from the computer at a rate determined 
primarily by the computer itself. The data load 
rate rivals that of the Data Disc Memory. The 
computer utilizes a portion of its Memory to store 
all of the bits in a program. When progressing from 
one measurement to the next, the computer need only 
change those bits within its own Memory which require 


changing. Then prior to the new measurement the 


contents of the computer Memory are passed to the 
Type 240. In this manner the system is operated as 
if it were a variable word length system. The 
necessary price however, is that the computer's core 
Memory must be utilized to store the measurement 
bits. With this allowance made, the system operates 
in an entirely satisfactory manner and the inclusion 
of a sophisticated computer makes the complete system 
a powerful analytic measuring tool. 


Tektronix automated testing systems are offered in 
3 different series. These are the $3110, $3120 and 
53130. The $3110 system is the simplest system 
offered and is capable of making a limited number 
of automated measurements. A picture of an 53110 
appears in Fig. 14-1. It contains an R568 with 356 
sampling vertical and 316 sampling time base, and a 
Type 230 Digital Unit. The Memory and Control 
portion of the system is the Type 241 Programmer 
unit. The bottom panel displayed in Fig. 14-1 
provides in one location the input and output 
facilities of the system. The panel includes the 
following facilities: Mountings for 2 sampling 
heads, 2 probe power connections for FET probes, 2 
sets of pulse generator trigger and output 
connectors, 2 sets of power supply connectors, 
additional output connectors which provide probe 
chopper drive lines and the 14 spare lines on each 
Type 241 program card for peripheral equipment. 


The Type $3110 may be expanded to include a Type 
R115 Pulse Generator and a manually programmed power 
supply. With these two additions the system now 
contains everything needed for performing a test 
except Fixturing. The Tektronix Туре 115 is a 
pulse generator which is very similar to the Type 
R116 except that it has no remote programming 
facilities. The power supply is a Model 2005 
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Precision Power Source manufactured by Power Designs, 
Inc. The power supply has a voltage operating range 
from 0 to 20 V with a load current capability of 0 

to 500 mA. The voltage is selected by digital means 
and accuracy is within +1%. At extra cost, other 
systems options may be added, such as Data 

Recording. 


The Type $3120 system is more sophisticated than 
the Type $3110. The S3120 is intended for use in 
measurement areas where the power supply voltages 
and pulse parameters do not require programming. 
It is not necessary to program pulse generators 





Fig. 14-1. $3110 testing system. 
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Fig. 14-2. 





S3120 testing system. 
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and power supplies when large quantities of devices 
of a single family are tested. These usually 
require the same input pulse characteristics, 

power supplies and logic voltages. A front panel 
view of a Type S3120 system appears in Fig. 14-2. 
The instruments pictured on this installation are: 
(from the top down) the Remex Optical Tape Reader, 
2 manually operated precision power supplies, a 
Туре Ril5 Pulse Generator, the Type R568 with 356 
and 3T6 installed, the Type 230 Digital Unit, a 
Type 240 Program Control unit, a Test Station which 
is a pull-out drawer (shown pulled out in the 
illustration) and below it the Data Disc. The Type 
240 provides sufficient Shift Register capacity for 
programming the Type 230, 3S6 and 3T6. For this 
system up to 1600 measurements may be stored on the 
Data Disc. Using the branching options in the Type 
240, diagnostic testing can be made. The 
measurement rate may be 100 measurements/s or more. 
The entire system is mounted in a single bay 
cabinet. The Test Station provides the interface 
between the Type $3120 and the device under test. 
The test fixture socket is under the surface of the 
table along with 2 signal access probes. The 
outputs of the pulse generator and power supplies 
are brought to the socket. 


The systems operator seated at the Test Station 
inserts the device to be tested in the test fixture 
card and presses the START button on the front 
panel of the Type 240 immediately behind the table. 
Because of the convenient positioning of the Type 
240, the operator may easily change the Type 240 
DISC ADDRESS dials to call up different measurement 
sequences as different devices are plugged into the 
fixture. 


The Type S3120 may be purchased without the Punched 
Tape Reader, utilizing only the Data Disc for 
programming. The system may also be acquired 
without the Data Disc in which case the Tape Reader 
would be included. Thus, the Type $3120 system is 
available for punched tape programming only or Disc 
Memory programming only, or for programming from 
both mediums. In addition, other options are 
available including the Automatic Calibration Unit, 
the Tape Perforator (to provide punched tape copies 
of program data stored in Data Disc memory) and 
Data Recording options. 
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Recall from the program format of a Type 240 that | 
a number of bits are unassigned within the format. | 
If the Type 230 is not to be externally scaled, 12 
bits may be made available for Fixture programming. 
Thus, a limited amount of Automated Fixturing may | 
be included in the $3120 system. | 


The Туре 53130 system is the most complete system 
available at the time of this publication. It has 

been the standard model for discussion within this 

book. The $3130 is available with as few or as 

many of the options as the system's user may 

require. Fig. 14-3 shows a front view of a complete 
$3130 system mounted in a two bay cabinet with a 

Fixture Table attached. Fig. 14-4 shows the system | 
with the front doors open. The $3130 may have a | 
single Type 240 and one or two Type 250's. Thus, | 






























































55150 either 384 or 576 bit programming capacity is 
testing available. The number of program units installed 
system will depend upon the desired system flexibility 


required. When using a Type 240 and two Type 250's, 
the Data Disc format is changed so that 1080 
measurements are available. 


The $3130 has many options. It may be ordered 
equipped for perforated tape programming only or for | 
magnetic disc programming only or with both 
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| Fig. 14-4. $3130 system with doors open. 





Fig. 14-3. $3130 testing system with fixture table. 
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options. It may include up to four programmable 
power supplies. It may include one or two Type 
R116 Programmable Pulse Generators and one or two 
Type R293 Programmable Pulse Generators. In 
general, any of the optional equipment, except the 
Type R241 mentioned in this book, may be included. 
A Type $3130 which includes all options will 
require a 3 bay cabinet. 


Troubleshooting the automated testing system is a 
complex task. The more the person doing the 
troubleshooting understands the system's organization 
and the manner in which each of the components of 

the system operate by itself, the easier the task it 
becomes to troubleshoot. Tektronix equipment is 
basically very reliable. However when many items of 
equipment are assembled into a system, sooner or 
later some failures will occur. The most difficult 
task may be to decide where to begin to search for 
the trouble. The troubleshooter should ask himself 

a series of questions based upon the observed symptoms. 
The first attempt should be to isolate the problem to 
one of the four major block areas of the system; 
Memory and Control, Measurement, Stimulus or Fixturing. 
The second step should be to attempt to isolate the 
problem to one of the instruments within the major 
block. Finally, once the problem has been located to 
one of the instruments, then normal troubleshooting 
procedures adapted for use within the instrument may 
be utilized. The troubleshooter however, must not 
overlook various interlocking connections which exist 
between different instruments. For example, recall 
from the discussion of the External Data Recording 
that when a Print Command is received at the Data 
Recorder a display hold is immediately placed upon 
the Type 230. Should a failure occur within the 
circuitry of the Data Recorder which placed a ground 
on the External Hold line of the Type 230, the system 
would lock up. Fortunately, a front panel indicator 
light of the Type 230 is illuminated whenever External 
Hold is present. Therefore, by examining this and 
numerous other front panel indicator lights, the 
system's troubleshooter may arrive at a knowledge of 
the problem. 


A complete system training program for technicians 
and programmers is available at the Tektronix 
factory. In addition, the Tektronix field engineer 
is always available to assist with system problems. 








E 
| 
- 
t 
f 
t 
— 
= 
i 
t 


OTN ENR 


и 


INDEX 


A-chop, 155-156, 170 
Address, 13 
branching, 39-42, 253 
next, 36-37 
present, 36-37 
Amplifier, 
operational, 233-241 
3S6 output, 102-105 
R116 output, 199-200 
ASCII, 25,262 
Avalanche transistor, 222-227 
BCD, 36 
Blow-by, 96 
Branching, 39-42, 253 
Calibrator, amplitude, 91-92 
Calibrator, auto, 167-179 
lockup, 174-175 
Capacitor, slope, 196-199 
Charge line, 
pulse generator action, 220-227 
theory, 218-220 
Circuits, integrated, 3 
Clock, disc, 13 
Clock, sector, 13, 18 
Code, ASCII, 25, 262 
Conversion, 
analog to digital, 12/ 
serial to parallel, 25, 34 
Control, 6 
CRT, 92 
"D" power supply, 232-233, 241 
Data, 
address, 13 
bit cost, 263 
disc, ll 
disc format, 15 
error checking, 15-16 
heads, 13 
head selection, 12 
reading, 17 
recording, 8, 16, 187-188 
Decimal, binary coded, 36 
Deflection factor, 7/-/9 
Delay, 3T6 time, 111-117 
Density, dot, 74, 118-119, 122-124 
switching, 160-162 
Diodes, clamping, 198-199 
Diodes, programming, 58-62 
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Disc, 
format, 15 
modifying data, 47-48 
tape data transfer to, 48-49 
Dot response, 74-77 
356, 99 
DVM, 180-186 
Error, 
data, 52 
disc, 52 
sign (240), 52-53 
Fields, 262 
Fixturing, 7, 245-257 
Formulas, correction, 
R116 programming, 214-216 
Gain, loop, 74-77 
356, 99 
Interface unit, 186-189 
Lines, sensing, 239 
Loop gain, 74-77 
356, 99 
Memory, 6, 14 
capacitors (230), 137-138 
sample and hold, 70, 131 
241, 55 
Next address, 36-37, 50-51 
Nixie tubes, 128, 141-142 
Offset, DC, 
R116, 200 
sampling, 80 
3S6, 98 
Offset, horizontal, 157 
Operational amplifier, 233-241 
Parity, 16 
Perforator drive, 29 
Pretrigger, 83, 195 
Probe matrix, 248-251 
Probes, 80-81, 246-247 
Programming, high speed, 159-163 
rules, 165 
Punch sequence, 29-30 
Ramp, 
fast or slewing, 84, 88 
sweep (R568), 136-137 
voltmeter (230), 147-149 
Sampling, 
bridge, 95-96 
buffer card, 136 
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Sampling, (contd) Voltmeter, digital, 180-186 
DC offset, 80, 98 Window, time, 111-117 
density, 74, 118-119, 122-124 Word length, 
gate, 70-72, 95-96 fixed, 261-262 
heads, 93-97 variable, 262-263 
measurement averaging, 132, 137 Zone, 
probes, 80-81 intensified, 130 
sequence, 101 reference, 130 
slide-back feed-back, 70-71 twelve, 154, 163-165 
staircase, 84, 118 width, 131 
theory, 69 


Scaling, 151-152 
Sector, 13, 17, 18 
next closest, 49-51 
Shift register, 
loading, 34 
240, 31, 46-47 
250, 31 
Slope capacitor, 196-199 
Slope definitions, 129 
Smoothing, 76-77, 99 
Station, test, 245, 252-255 
Stimulus, 6 
Sweep, 
charging, 138 
measure, 138-139, 147 
Systems, 
measuring capabilities, 4 
troubleshooting, 2/0 
types, 261-270 
Tape, 
format, 21 
perforator, 26 
reader, 22 
read station, 24 
Testing, 
static or DC, 4 
dynamic or AC, 4 
Test station, 245, 252-255 
Time, 
equivalent, 84, 86-89, 105, 110-111 
real, 84, 86, 89, 120-124 
window, 111-117 
Track origin, 14 
Transistors, avalanche, 222-227 
Trigger, 
delayed, 83-84 
pick-off (sampling), 96 
pre-, 83, 195 
Twelve zone, 154, 163-165 
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